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04 fd] , it A 44- X Nb Is 14 A |oJ S Jl dlj #• fl ffil 411 Pif 11 il d4 ^ X X ftl- 42 ^ A X ‘]1, M it 4d- X A 
w/m^ 41cfntiiSli4td4^5#,{fE^XilS4lil,XS4#^tM#ii^4-n, ii?lcarA;4rrAii<dijf4^44cX 
Affg^d44^ AS kb A.?.: 


/ = 




4TTr' 


(3.2) 


44 4' 1^ a A fl'ji dlj A jjj . r a 4t 41A A A ‘/IS d4 K-E o A dti |4 4^ M. 141 a. 4 41( A A A )IS d li 


9am r l^li, A4MPlAM4^ll(m'/is!c, fl4^a-^444.d<Jo mw-Mi sii.) dtS ^IinA 3.3 

'^Av/. = III * logiof //A,) 


(3.3) 


#-fi“A(n”--ilAEj-TiaiiA dljA0a A®l)7lll 4; • miD'llAll'l • ''1 t ( Alexander (iraham 
Bel 1) dij ^'i A, iJI 4j( d4 'ae SL im “K: 


ix’i = i'»g|„( //Ai) 


(3.4) 


I 1 


A 3.3 A 3.4 dijAWil/i-.-T'-H^ |{),L!|14>I4 a-hl til I''A-A •. )>i4.ii •>Y'-A:ai 

AAdXjcY'-AiJijIJii I', -t I'AA-Arj^lll^idij. I IdijA J'J'^";iil0l tdijmij4l:fii"J Vii4l;, 

AA 3.3 A 3.4 'I',/, AAV‘/'i!i]ri-;iil,A,a% a:-') 11 ®. a • trAljA'4iiil:itdijdi'Jiiti'ir:;i:i;.t/]|i[AII 

4111 •t4!/!4A4 I kii/.dijEA4dij4i4Mili'4:t'l2tU41.ir|AAI(NP14^ ViPtitiiX'ifX, ,iA:44 l kii/. 


Fletch-Munson) -fStS:A^)(t^ 

/„Ui«TWmfiftii#li[,f0)(^^#irnW,^?S6^A:?Pif:^I^K^j;Cj^: 

/„ = 10 '^lFa«5/m^ 


(3.5) 


SIL ,tn^ lO clBs,Jf f^M 20 dBs,L, PI'J^^^ /,-f /o6^ tkftMii 

KM “ 

3.01 dB.fffj^;^ lO clB,„l)(ji^f^o lOf^(gprA/,-^/o6^l:b),^ 

^dB,„ ;|^M(®M20 dB: 


f/ J if ^0JT, Xix /o= i,PIiJ lO • log,o(2 • i0)= 13.01 dB,^?S^KMif T 


lO • log,o(lO • 10)= lO • log,o( lO')= 20 • log,o(l0)=20 


3.3.2 PS.^(SPL) 


dBsp, = 20 • log (.4 1 /do) 


(3.6) 


2o,M#^^i^tiiMT0t$— mkhijm.mmA,^A,:tvio /i^fi*iis«iT-^(Pa).ffl*^ 

l,OOOHz^'t«#6^^jfn)f'^I^PMdo = 2xlO’' N / m'o 
5|5 0^)iipM(l^j¥fr^^KMijicIEl:b,HP/ ^ /l\ 3.7o 


201og|0 — = lOlog 


(aX- 


A 


10 


0 


v^oy 


= lOlogio 

A 


(3.7) 


0 


iU ffl ^i^J§ fiJ a5c »if iiJ#X g 'J^M il -^ IaL dB M JP 0 dB,,., (d, = do) fP 
6 (IB,,,, (2 • d,/do) ATo 


3.3.3 

^/J\nr'l^^yiJ|^P^( .lust noticeable difference, f^^dUND) 

3.2 A I kH 

\mm&. \ i- A }nmm iruXziif ^i-/i(iiMi'i^j/iK w o 


i*r. 

I 


3 3 4 ^ p|^ ^ ^ 

A i| 4^ /A- M ff\ 4i 'tf! 4' Yf K ^d 'J "^r'!^ 'J» ^ ^ 

Vliilil'i^M', '^1"ir M'M-"lf W looilz jX'J^dliXli ikilz X'J^d/icP'J’,^icflllliX:^'w:l!/'b'flHi I"1 tTfI'J"l"l 
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W / m" 



lO'' 

lo" 

lO*" 

1 

10^ 

10'^ 

lO'*" 

lo" 

10'^ 

10''^ 

10’'^ 



S 3.1 


220 

200 

180 

160 

140 

120 

100 

80 

60 

40 

20 

0 



fiCo MATLAH lOOHz Il*:i^/;itf1l 1 kHz 

->J i.o,EnTWt#;li(ijT-'^ l;fi<j>(‘J IttrWo 

;i3 # m ^ ® It m fi<j« m nj m kw m 3.3 i^if /]< fi^ ^iii ^ ii^j 


- ,a 

XL 


( Flotrlie 







i5W$|J tk^ - 


l^n±^3»tfM 10,000Hz,itfl-S3,000Hz |5f^ifi0^$icIH t|5^SfIjP(^Jtt#M® A, Mifi 

io,oooHz ^^T^siijiw]#6^pi^)t, 

40 — kHz ®!^^|l]rt^#“^P|^J^(equal \ou(\- 

ness) ” 20Hz 80 dBspL,li 1, OOOHz lti£0tl^fSM 40 dB^pL, 

10 kHz0^i^M5OdBspi,o 



3.4 mMm 

fix itE f/1^ r± -^ ^ 1'^ M W - ^ ji ^ lit ^E ife la ± i|^ w ^ ti ^li ^ 1^ ^ ^ ’ 

15 

B^To o S# 

masking) „ 

ltfl^^WI'l'»2ti'|f)jTi.f0]R^^?gii( simultaneous masking) non-simullaneous mask¬ 
ing), IP^. r, S >(., [S] 0^af if ^ W1- /» # * , BP it m ^ ( masker, ±. M '-t" M S <^2 “& ) fll 

Mit Z"^' ( maskee, ±. fi'lj Wl B bt '# W Z^' # ) N ^ 0^!’«] 0^ it if BA ^ o til i^- ik B I'i if: M- 

:^], switfi/^da,uiE^i^, siffiYiit 

iiz^>0't , Ifii'd^l^lui 0 H-t , PJgMHttl A'ltiMi'itj-s- W)|ciit|i§ 

in m Lt (BP SNH, if- Pi 5.1 yy) o ^X>£ f4®iPJ M, U itic;^‘ P^J "ir'w: i^«l PS ii- d' i I ii- Mitic tty fiiit 
i(>« 'jM lit P'J 1^1 iPi -j 'M 4' 111 '4^0 1^1 3. 4 lii /7 n' I it if \<^ PS P'J 'it it i!A fit 

[ jB'iUHniramOft^jl', 2004] , BPil^ifitifz’*'ill!'1^-I'M/il(lt./.uJlz d^'ll'. M'itif >■’#4'-^ 

llifi;^yh)M4"fli ±'^at( itif/t’-PI/ititif;daPj®/ii;-i^-j'fltti-H''it) o ill 1^13.4 "fwi, IMitiffp I-. 
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* ^ 1^ r^ % « ^ M. K- ^ ^ ^ m t m m. ^ i«j tt ^ A^j m ^¥- it tn i^ ^ >1 /a m^i wm f= 

ns ^ Hi # ^ m (/...Ur ) it ft tit r^ -£(' it m ii ft m f fj- fh m # m ff f m ^ r.. 



3.4 




-^NBtf^^t'fF] ,5)‘0tM^^#l(l'/jny-yc|(fif®f( leinporal maskiiifi) >t'1 hF i|iic 1^ t) Mi)C>" 

HtMfiSt. fFTyy//^M15( ixisl-masking) lilfiuf^|l5 

(pre-masking)o itTffii* l^'lf Jlto 15 fH i:l T % ft ^ 1^ d0<J‘U 

'fi M ^ Ft It ^ (Seoul) Tf] ft >i:> iti 3< 0't, fS tf ft M S'J A Ft 31 iF^ F^T Li it ^ il T 3i 0>t {£ - m 

AA0^^fF(FS(FtJl!iP4i^i'||JnAFAft#3i2ntnf ifiiijt,^tFftFhlf&#3Sftft T. I'tnt3^' it 

fSFM±13ft0^p/fAo 1 #tt.[ffilt|gTA0'J2O()'«f>n5Ai^0t|HtAfti^ 

W0f)3^#^|3f^Bt.AJffilt Tin-F<S®|i^l't, tiPitft tn$'JnA;ttifi<J/3-fflliM.iifSWirl 
W^^h-4^^W;llJEitFiSifAAAfitj. Rl-At'lU!5f]'J0tliOA1tfli5F«-^-$At( ft tn^'JiVl) A6jt 

^ A? it o 3ij if, ijf., A A tif if pi 09 Aa' ts ft it fj' ^ at A fS H fit ^li Jiii 

MtiM-3i?AJiiTuF€ifo ]iuF<lifit;^F(Sf®A'AiAMifAa IJfjitRto LFtAffl' 

ft^M^090'flAc#FiHf!0[?l 3.5[ FA/i(5R;( Zvvieker).A/FT09^nit J999] IWt^o 

Fg ^ ^'l^i)! I AtA W fA t f f I i T A Tt lit'!^ 09 fij PlthL^i ARItA'1:51 ft. Ktt ^L'i F;-l I tw 
co(iecs)o tlFS^fi'it^nipfiFj)g',MIL3 AFK5/-09f5'iJ“T',Mi'ctHiF.FliU-'tt/tl f — 

A m W- 09 , A’ nl kU It ft It: I't 'i®: 09 fit F . fit -1 iff it-103! fft '7 09 n tA- 'ft m' n tij T It 

1 ^ FH tA' 1' -R' 1 ® A ft 09 T15 ll IL-. f3^ ft „ 


IS 3a J|3 A ft tr nl I'A f IJ m it o 


QQ 

TD 


'!> 

> 

c 

o 

4-^ 

C3 

c/o 

C 

<u 

C/) 




r 


-50 


0 


II 




\(m r< 


■>1 


50 


100 150 


0 


50 


100 


150 


-► TinK'(ins) 


13 3.5 






4. 


IIJ itb it, 4^ fn B 1S i t it 7—^ tl M ^ W f H^ # U/S tS( ^ ft 53c * ^ t ^ W A ^ BJf 

ADCs,analog to digital con¬ 
verters ) fifj is ti 6fj 

fi'j||j^$ix^T(24 ti)T ,25 Ipilisic 30 m) i4ifif>f;iticl4iiJil^±6fili®o fcftoif:t.?.^-#, 

7tbE^i$7>24i|ii)i,25 |!ll,30itilJi^ 100 ipl)i^f7^fl^^SlJo ill«lC;^i^, 50 100 ipj]i,^# 

AitliJf 1/50^ 1/100 #t|i^7L^4f'^A'^Hi7^^?£fflo licfn&fl^^tl'i’fliA0®)l47 
147 ^ fj)! @ ^, ii ^ iii ® 6^ it ^ i# ^ ® 7 it o 

Nii,^4i«^fR^ii£fTAf704,7iiPBirA^ii,7cfn®i^KtbRlfiyA^'^ 20 kHz 

20,000 

[?i4.i mmim±mm,^.o 



SI 4.1 — t-^SI/^S0W IHz 
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^ 1=ra#^sM^A'j,ffi^p- o ^#/R^ft^m 


^ All ft , ffn ^fp iE fjS^ ffJ 5> If? ^Ij M It Iff! * o Jit ft ^M. W ®. /]s IPf J: K15^ tl Itt 69 ft 5t #? t- 
—9clffiiAS.^J|jffif'H69J^^iffi, flPftft'iJ*r-/±3ji^t'LU ) flJfllitf ll'- - 

t' It ^ i® ® R^t. M ® ¥ ft fffi ii ^ 69, f 0 41 # ^ i# jfi ^ I I't jui| ffi M fit T, f'f' ^ i: ^ — i" 1-1 

ft ^ it ^ l^ft in 69 Ais PI ® o 



1 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 



0 10 20 30 40 50 60 70 80 90 100 

Time in samples 


4.2 1 Hz *#$/, = 200 Hz 


200 A^lt69^#.55 5|Sti9-AiE52}lc69^Si^lif.it 200 

ft 0] ilk xd- fiiZ #—# # 69 Rt fx o S itt - A iE 52 it—# 44^ ^ fit - A 'A S 6 9 i?l Kf ii 29. if [i A lU 

69®A,t:69i®^'£^'tf'^ iHzo )i4itA.?.^5lii^.,l^1t'j^A 200Hz^^®#200 


\ /f = \ / it 

-H4|Birii]Pigpt^69Ji3^#I^S(f,ii'^ftrt-^ r^TKo pJ^#$/;(Hz)fn r(s)^fioTA^.: 


L = i/E 

fit 


(4.1) 


r= 1//; 


(4.2) 


mm 4.3 AAiiiE52fi2t5*#i^69ligiE;t-iSJjWitiE. it[fl An] WEi flltH^lip] AAiE.'.'X.A 
rH]69R4rH]rH]ffE^A T,m i / 200 #0 finl?14.4 fiif/TiAN-tiE52jt A]fiifi69A t f^l H] lA if A A 
xi^WmmP.1^:tmfi'm^:>^:t~,mj:=50Hzo fiAAitPURffMiiliWHltAjr^AfS]«)]69'iEPEAlt 

mm\Tw:m^ \ / a, 

itit-A'?±,?tfniJioIPU%n9|iijm,^lt69- VX 200Hz 69 4:fEi6iiAj(lfn'A.iliT.-^lt^^ 

AftJ-ttl T= I /200 = ().003 #-'t 5 €f>(m.s) .iJiftli-iiii'H 2.5 'tfti’tA E M lp.UlcItffAEjlM 2 '], 

ItfilAfit^fin f A-4E^lf-Ait^Attfi9:694iftA( i'tP/Jf(fiR9N / 


I = n • T 


( 4 . 3 ) 






Time in samples 

m 4.3 t 


0.6 


< 0.4h 



5 4.4 


5 10 15 20 

Time in samples 

= 50Hz, 


f!ff /jiZ te ^ W MJ : 


y{t) - sin( 2 •/>/•/•/) 


(4. 


iflit4.3 ftAj:t4.4 JJJ^: 


j [^? • 7"] = sin( 2 • pi • / • * 7 ) 

Ftl T' n ^ /"K ["l^j fl't 1 1 0 rf- ^, f^ij ^m?l 4.5 f I' fi<J ^ 0 ^^ ,<l , Pl'J '(i : 


(4 


y [h • T] - y [0 • T] - y [0] - 0 


(4. 
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1 n = 6( Bl^^Aiitlllfiitlif^'^A:^ « = 0) JjJW 


y[?i • T\ — y [6 • 7"] — 0.2 


(4.7) 


T tl IK fn 11 1 ffl 0 ^ “ ( ) ” ^ ^ T ? fn ^ ^ ^ “ [ ] ” 3|^ ^ ^ . W) H 

^fliM f 3i^l¥-'^-/, fn^+cl^/n] 11^ 7'in ,!jlft^] O'] 

§_^v^^#*^:jtgvjfto±0MittTo m'^^'^'\^\mwmw]nm\my[n • r]iefti(y[^(]c 

matlab^ im m\His}immiE‘}m >( / 

y[ « * T’jstll o lll¥ii:^i^: 


y( t ) = sin( 2 ' i)i • / • /) 


(4.8) 


^t = n • r,W 


, = ,, 7(0 =} ["'/’] = sin(2 • I>i • /• 77 • T) 


(4.9) 


g T= \/J] , Pl'J MATLAB* t’T : 


^ n ^ 


y [7; ] = sin( 2 ’ pi ‘ f • n ‘ T) - sin 2 • jti • / • . 

V ‘ .4 


(4.10) 


J 


fig T n ;i ^ fu]^ t5Z fi'J , ix 77 = [ 0 : 44099 ] rij i$ |lj n>| [k Xj 1 # li'j IE i'ii 

([0 : 44099]^^— I (t0 M 44099 ^'']^flW\) o 


( 


> [0 : 44099] = sin 


V 


2 • pi ’ 


f_ 

./; 


[0 : 44099] 


\ 


J 


(4.1 I 


4^/=l,B^^li#iJg^1f^/, = 44. lOOHzJ^lEj^ I lllz 


^ t=J 

n ~^J 


4.1 

ttJE'^t'M'} MATLAB* f]:S^4’,?t'fn^ffl44. lOOHz 4^-,gPIE®#44. 100 tyV.^E'TC 

life) :t ej IE ^ ^ E" Ei m. m n m m m mIc % %o je m mi ® ^r\ p'j , k # m ri^ m 'e- i^y 

20,0()0H/.fi<jEJ#, /; = 20.000Hz, lE T /■= 1//, IJiy N E 4i # IE iil] X] 

i/20000E>,iS#SEt5Ei^®E> 20.000 *0 Hb^-4i>aP'Ji'fi(il]. f]il-PEi;p',/.i 

rE^lii]3E#^JS( siinipling theorem) ,Et’|’/’/2 ta Nycinisl IVeiinency) ,lTti44 

Harry Nyquisl)^#o 'EIUlUTA 4.12 flU.I.^ H'fi: 


I 

J niiU ^ ^ 


(4.12) 


i'E 

/■ > 2 • /■ 

.' > J max 


(4.131 


W - 1111 z, fi<j 1 1 - 'j^- Hit %} m . 111 E U Ei E -1 II'H E- 1 1 1 ;, .'d "E / r -Ec ii \ '-1 'r/.! •!!:■ .Ej ] • 211 z I'l 'j 'E 

#4Ei'5t#Ei#H',/dil;E3 i'l-: matlab* il:Ii'i'l'.'l;ij\( ■ 1440iiz lEjilEdiiit.iEIidEfE 






,^^440 • 2 = 880Hz-880 Sltt, A^iyf:t 

20. OOOHz , Ftl ^ 40, OOOHz CD HIM"BP 

16 bits,A 44.1 kHzfi^#^f(—?^CD 

1#^:^44.l kHz lyg? MTlTtf [UilJ 20 ttttB 80 ^jt4’Si3,MAl:tlkE^^ 

/g( Sony) ?n4l^lj'/lt( Philips,CBS/Sony Polygram) gCATCD # 

/ft 36 kHz 44.1 kHz hie AT 

T T WT1^HIT 44.1 kHz A: 

20, OOOHz 
40, OOOHz 
40 kHz 

i^^AitTA cDMsi(i^jfp^isi'to 

66 M 74 ^AWZHo 

CBS/Sony §lJff^P<) CD PI 52 fij) (52"'' 

Street) AimAnit.jEmAo 24 bits 

lS(iPt^?t.TI#$A96 kHzSTi^M 192 kHzo 

#rf Ti^. tM^T it fWT4T^t#^S7^' iin‘£'~^‘\io 'MAMAm 

s T B -J ft T ^ p #• T HI ^, JS n P T A # T it T $ it iA o 


Va'. 

.p-s 


4.2 

./:„„p^,A'lf %mui" (abasing) aEo t 

ffi(iTl,i*#litTAA^T,iIITmA-TPAiiiA(iTMTiTfi-o ii#A*J^AT“?)ilcTft”(under- 

sanipbng) itiAfiT TPt tni APtT^TJj S<j it A s , 

^itTlitiA'MTi'/iftz^iPMTTdT idiJMft, TTAAjtilfirPjP^MA^I^JiSTSSSo 

iJHtl?!4.5-BPti#4^y; = iooHz( HtP lOO ihz iE'j^MAMo ihzT^IK ft. 

-Tft'T-/; = lOOHz ^f^lWftPRIliTM^ftT 50Hz-If HET 50Hz PPif 

'it iJi fi1> nf 17. A B T M '/R ft ilk a Hi o lit, lit fi'J t' (,/'= 1H z) ft A /1 i fill lii! '^- M S A A o rli 1^1 T 'ill , 

I Hz Tot/ft/i-: 1 ¥P\0A)tl-Am\,A¥mm t= i/ioo #,P!ijaAi^ mz 

PiMA 100, 

fkl ft it if 'if ft IM 4< iii A S 5 Hz, U it >1- Ilk # ^ T —-T ft in If j A iu l?l 4.6, it - JA m 


iATftAikJ rftiTftfftfftiftitT'AAliilt^i^ i/ioo ftlii loo Tiiift/ft,iAft= 5 Hz mVAfMt-. 
--¥P\H¥\ 5 A'AmmmAft I To ;tpuTAIi'lilJrpfft 100 TTftfftA tlft-ftHlHft-TA 

mi\'] iiiz jf'Jgft,i(Piffift;HM^)|] 100/5 = 20 TTftfftA'Ti;HJ-T5iiz (ikAWo 

it—Tit if (If ft ill! Tf’ii ATT 20llz, MJkJi'i'jftiAillA 4.7, ■flcIl'Jl'HAiWl'^ 20Hz if.'Jf ft'T 




iliTftfft aHJd'J/nlikl-ft'i/.vft- 5 TTftT.(vii:"]T7T(HJ-'T 20Hz if'lftfii fiTTli^loJiklo bi 






•o 

B 

^ 0 


- 0.2 



-0.4 


- 0.6 


- 0.8 



T=l/fs 
= 1/100# 


100 


Time in samples 

IS4.5 ife^$/, = 100Hz, /=lHz 


0.8 


0.6 


0.4 


0.2 


n 

<■ 0 . 2 - 


-0.4 


- 0.6 


■1^ ^ ^ sij 



7"= 1/100# 


100 


S 4.6 


Time in samples 

5R#ii/, = 100Hz, /=5Hz6^iE?2;J5 


4.8 /W/^o ra 4.8 ijT'XH T- 5()llz 'Aj-h 1.0 f1I 

-1 .oi'kjffcOiTrtt^^.i',5011/, I'kj Vcf.^l.'.Jit)] 

#.Ji' A; r n n-M/n Al'kfl istl’k'V.. il; 

lie if I iif # }< ) o 









































Time in samples 

ffl4.7 *Jt#m/, = 100Hz, /=20Hze^iE?^}jS 



Time in samples 


0 4.8 a^^^/, = 100Hz,J®^/^jfi50Hz 


Sihh , ^ic If iiltWf 100 I IZ ^ M IE W B tlt/'M iij T PK , fi H M A' A'J jE '}$: 

>iT Eh ->i^ # f M o Ef 50 H z |5fj jfi, l-tJ Wi 1" ^ B B Ei-: M 4 ^ PK Jt ±. t ^ 1" il •- 'Jk 'ii^, 

in. M T fl: f»I £ A' W 'M 4’ £c "vE jH 'jt /m] )W R hE ) 1 1 ^ 1" ill I'f'J ET^ EX )K- :i: (li|i l^iO 

t m M ^J'" fEj ) o K XH -EE EX B EW EB -1 lE ^ (f^} ( El 

M til ^ of ^ IH 0 -XR- EE Ex!), l?^l E? M S- W 1^- T EH 'I'E fft I •. B ^ EE EX 4 ' fiE Ei'A EB—t iT-. -JE; 

ii^WEEtiT.o Jii 200 Hz,M'E WEr:EEXl!iR' soilz uH 6()llz fi<j ll•.'jE;i;^[jli-^T■ ^ 

# , L^I E? Ee ^ EE F lEtE Itl Ei ifi ^ EE EE liit >R iit t t ® o fU <4 4 ' i oo 11 /• fi-J ^ EE- 4' . 4^ if 1 
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iif ij ^ 


0.6 


^ 0.2 
D 

'c, 0 

p 

< 

- 0.2 


-0.4 


- 0.6 



0 10 20 30 40 50 60 70 80 90 100 

Time in samples 

SI 4.9 J\ = lOOHz, /=50Hz 

*I?I4.9 t OHz . 

M 95 Hz IE ( (f 14.10) ^' /jjc T - S ( ffl f4 fjij 80° ) 5 Hz IE ?!; . lEn 105 Hz jE ?S ]fk 

(l?l4.ii)^5HziE^2}^(^[^&ff)^^tgNo t(n^.^>iB&±j^raff>4-'IE^2;^fflf5fJmP'j-|fi'^. 

^'E '^'7 31^ P'J izt , Eh P'J ill fijc ^ El)! M 4 o lit f^'J '^t', 95 H z IE ‘‘A '/& M EE' ^ \vi ft ^7 5 H z |.E Ax EE 

(180°^ tt) ,iiii io5Hz iiiAmimi%^^h%T 5Hz lE^giUci 

/Ef P<j 9511 z f n 105 H z /^ II- IS iiL r- |n] (H \if^ d'] ( 111 11^1 A If hE "if PJ 5 H z r-^' ft n '} 

iS) o liP ^ - A m I 7 ^ fE ^ A ffl fi A In] A<J jH Jf A fH A tf) A A tH nl P i’E fl f 1J. M xi El' A 

ftftPA'Er'tlO^^f^'XAAI^l tBA AfflmX'/lfMIllJftEh^ 4 4 p H iE). AAt A MW- 

LA B* f E A Ck ^ m A # X Ml] iA - T EE A @ ii A A H/f EA PR Hi'] iPDI A nE. lEf A A-: P^J Ilf Eiij !ti]j -A il d 
ftllft^o J:]i:E"JW]4]W]|tpp^j|^#,.ij|l(X.t;i;-5l4it{lftPAEi]#-^ fU'll AJ'A IP'll A 

6 mm 8 ^ftAAlE-i]fH!fiA®AP<jfR^'llbJlX|lxEEE4itl4ftfAtiE , 1^1 4.12 ^,A‘li 

TEEAMftJI-APEI^IMo 

J: Pf EE, EE A iS5 T A A l^r EA PR ll.'] EE 4? nf fk ^ ,• E I'Jil fiE EE EE 4- if il ft. ii El' Eli t I'l'J f j' ® A ill: 
It X. ft X in -A m 'P H 111 - til-: A i'll ft i-l I )A. fii ill t X111 1 1: ft ft itj f 11 ftA A ft 4'^ .It 
E41A HE , "[ PU tl ^ I'if XPHtj EE t rlAft fREil ^ X t A t- 'T( , 




Amplitude Amplitude 





0.6 


- 0.6 


20 30 40 50 60 70 80 90 

Time in samples 

4.10 ^mmf, = l00Hz, /=95Hz 


100 


0.6 


- 0.2 


-0.4 


- 0.6 


- 0.8 


Time in samples 

@4.11 3et¥^/, = 100Hz, /= l05Hz 






im 0 


100 


-1- 

25 

J25 


@4.12 ^1fii/, = 100Hz 


0 ■ 
ISO- 


5 . mit 


If j if') i -I' r * h if) '¥■ < tt, ifii 'i i ff -'S ^'J ^ 
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^_htel{il^ftSK^Iaj^o &—ji 

^mw^^i'}f^itno it m.^mm&iti^^d^it # 

'^)t(l)it (lepth)o Jnjl: 5.1 l^if^. 


a 
y o 


e = x{t) |,,„,. - .V [n • T] 


(5.1) 


m^Jj'i^re'Wl CD 44.1 kHz.fift'^lt^^16 bits. 

tS.^'T 65,536 1"'^®Wi|)Mfto f?iJf!n,f-fft^jNfllS:^ifM(ilJ3 —ftM-l.O ?ll+l.o .-tf^ I6f5 

^=f- 0 ?IJ 1 ZH,i\\ 0.4, 65, 536 PP^E AUXM( n.umling.fEirlll] J: 0.5 

iftlMIlt) ) flljE—EX.S( ceiling, IET — i'^A 


quant izat ion) o Im fi^iS If M ffc. iE-FiIH /E fill tE ^ff - Mitlc id IE I® EK A i'f ^ ii'li il^ rlt'J 
(PCM,pulse code modulation)o lEi^xif^ Ainih A , |S1 T 5f ft— 

ja$iJii5^tgt^^5'h,PCM ^iPfE 16 tl—iSiiiiJfEjtrt.I5J2. 1756>)AjE-$iJ 

li^;10000 1000 1000, 1001 ,f(P[?l 5.1 IfflEo 


1 

0 


1 15 

14 1 

13 

12 

11 

10 1 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 


5.1 PCM S*i^E:16|i[“iS$lJtS^4i|5 2,175 




A- 




mm , j j\a w//s/J^3j^1#pf iijj 

rB]PS(r)-#o IIl5.3^E*-tf*f#E^#rH]|12E5',tt#fffJ?^6fPlfEt'ai:fti^^^'Afrt]f5^|J 


X 10^ 



IS 5.2 




0 




1 m 19 





-r- 


@5.3 




fSRStb(SNR)^nM'H:igi!itb(QSNR) 

n fgP^ hb SNR( singal-to-noise ratio) 

R^tb QSNR( quantization singal-to-noise ratio) fsR^tb SNR ^^fg 


SNR = 20 • log 


(A ^ 

' ^signal 


10 


V 


(5.2) 


nnisc 


) 


f I m ^=t ti Ila f g ^ a 1: f w, rti T - ^ ^ ^ ^ oi H b w w * ^ t b # ^ Ilf ¥. ^ ^ 

f-bfgRitb^ QSNR P^? QSNR N AltW6^I^W: 

QSNR = A^ • 6.02 + 1.76(1R (5-3) 

Q.SNR 6<JjfifW»l4TWfflfg^6^ja7^IIft(2"-')3gti^Kfll|^^1’M{i.lS^ft*iM^ 1/2 bit 

mmU.o 1/2 bit 

biMft^jeo ^1161 m2'^-'mAM2'^timmmm4-o f5ii'ji^5.2,-t i6bit ri<j 

0 M 65,536 ;r = o IllK 

/7^)M^i^,PI'JMI^f^-T -32768 M +32767 ;^rH]( 0 1^1 ,l^lfWP^)-^j(t^Jl^&llJ'/•>S; 

65 536 ^^)o P'1jtb,(lPX^T—I6 fjifg-^.HA'PMf^l'l'J^feX-tft [(IP «/«(-!)= I ] 2'V 2 = 2' = 

32768 o 5I'JW: 


QSNR = 20 • log 


fA.: 


lO 


\ 


.i{gn/i/_mn* 


V 


/I....; 


= 20 • log 


10 


fi«i.»f'_niax 







20 


= 20 • logm(2'’') - 20 • log„)( 1/2) 

= 20(A' - 1) • log,„(2) + 6.02 
= 20 • /V • log,o(2) - 20 • log,„(2) + 6.02 
= 6.02 • N 


J*-^ T QSNR it ^ li'J5j]v'li 



±^iifficfn,it±^iJII 1 bit 6 clBo 

m i6 • 6=96 obo 





16 , kw CD 



6. DCl:i;lL^7>M 


“ DC”—11^^15^:1:515 T.fS^J-Hli^J“ Jciirllt.” ( direcl c-unent) — o 

^ti't,“DC”-i^t^l^Ki0^fij]i'j(^^ii^r*i^f^l^Mo ^nfilu K\n^ x Wfiti \n^ r. 

^#mDC 5 >fiilPj^ 6.1 iW/t^ c 


o. 
•3'M 


>•(/) = .v{/) + C 




( 6.1 ) 


y( /) - d • siii( 2 • TT • y • /) + C 


( 6 . 2 ) 


CD ^ 16 bito Xi(Plt[f| 5.2 A<]IEtJP A — (itj 
10,000 P^ DC 6.1 iW^o 


X 10" 






( clipping, tS^^^I/lTPo MATLAB* 4^,jtM-1.0 fn+1.0 
fi^io DC 

DC mmmo high- 

pass filter) }^'|^ DC M —ft 7 Mit 

¥i^m) 


y{t) = x(t) - X 

ft MATLAB* ijS]ffl^nTl*I^±4{t®liJ: 


(6.3) 


y = X “ mean(x) 


.ii—fS ^ Cl- 

K/S( o 


6.1 


7. 


i'ii j* - 4^ is, ft a ii a fI, wl t'j m m 


y(l) - a • x{l) 


(7.1) 


if (I a*x I > clippingLevel) 
y = sign(x)*clippingLevel; 
else 

y = a*x; 
end 

(111 'Ah $ii5 A fn ^ A- j£ 'ft: i/£, ii >£ A if f^ m , ftr M m M # fif do Ift 7 . i Cft /ft (i5 M il 

16 hitCRiliftbjipMf/i^Aftl'Jift) a Sftfi 1.0 Mfto 

Ift r iK'ftifti^ft^ljic r — ft fti/£( scpiare wave) ;ftft , fbf ft f I 


ft , ^‘li M ( ft 'ft ft fK 'ft ii'')) 


IJ__ 


il'i. ^ |!j{j j£ Pj^ ff ^ £/ ^j- If Mj) fi/fi A iTii i'}\ t-ji (I'J H )ft fll 


(K»rhcinzSl.,<kl,au»e,,)!rvT)ll«RiS«£^;»S*itr-f*«.m-t'Jf«*-*;*»'(irff«^ 
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B 




7.1 a M^±i$32it 


#, ^0afet F^ 6^MIS ft® f.ll, PI'J t ri It e^ o IFAgaN a-¥ ?t, ^ A ^ I'Ei] 

t ft ti, ffn sa ffi. Ilf IA * -la ^ # -* ;t m t ft m fl , M nt t f ^ M ;t — a t i^ 

[5]|iJ;t^Afiki^af?iJ^,[fl7.l 'a^i5aiHJLt?^ff^Mffta^JijE^gfJ^,fM^aT-Afl}ifi^;^‘t.iiffriA 

aiiHfiafS-^ftf][lAT^f^i^a^fi5(()(l(l harmonics, J^J?siaa ft ^ 8 ■^•iait)a I , fflj ill^ A ft V. f'^ A 
Aft” ( harmonic distortion ) , HI Aftftlftfft’fTa AflH ATftAii'V'Ilt, l'>)0a:ilJiH<Att5 ilS rtf'J . ft ft 




M7t(dithering) Jit^ftMfbfnAfta:ftlft,ft:t^-M)U ftfRv-a'IJIlt A!t 1:[ Aitth snh hit reso¬ 
lution) , Kllfiaft—Alttr ] flflfiaPiOflLI'liyft'f ennr f ) . llllA 7.3„ ,1^ f^l'//ft'l'lr Jo; A f] A A A . 1^1 A/f 

m^'i'iJiiAii^tfT i:AAiaiiu^,ifiia!cfnftft!fri^>t'i>ai^^^ |■■:t., 

•' f I I ,lull,‘ml ~ ■' I I f iilieiiMl ^ 


(7.3) 






7H 


I ^2 bit IS fill 5iix 1x^0 p/f 

AX.A^:^Af0]^o A; DSP W^'^'Jf^fillf^ 

S X'^'iJ'2P^( i^Alk CD 

^W:tiiitfiii)o wmmnmwmAmamm 

Izg^SA'/^MltfillilfSo [fl 7.2 fi^AIHA—4 bit 'if ItfiD/K^Mf-bN 

mmmmitm^o 


^P[ll 7.2 fill AUll^/K , Fl0X^fftfillfni^tb( signal to error ratio)QSNR 

A R M?Aii-fp]^fiAA'iiAMJiiiifttb#^,fflSiifill ttff'if®* M iSIIftE 
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iMf^iSi^X I bit 6'^I^S^!li?)co 

AE6^faf#-iffil'l^6'j:^'/io t: A ± M Pit 4 AMb ^ Si nA I4], ffl 1^4:J]n P'j Hi itk .A 

r^ir a. 


/J ^ , W H:! 4" M f‘f> ^ P^ PS S 6'J , t: l|5 lit 4^ it iK M Pit 4^ Si PS o 14 SJ] Sb Jl PS (b M m it 

04 , iS it ft PS ^ 4f iiS ((]uasi-square) #4M I'C fbl PS tfi 4H ^ ^ PT. 

x44"Ali,/^4ii*#bItPS-t±^l^rA:lJi-.41ifnftli^l#f^i4i'i4? JHAAlb:^S/t^l]M-( A 
:?4!l!^PS-t-^5»±PSWf:Bi^(4i:SJ^-yiiiiph-tfi$x/J^R4)PS-)i4tt.)^P4.^-S[PSSgtI 
s': fi ^ f - it 40 ^4 ^ i^' PS A /i "i T JS 44 4i jUt PS if - ^ ^ M M ; 11 o S 44,4A ^ [Pi ± # 4ic 


mMmmiim 7.3 m\ ia /st/t^o i?i 7.3 ps^ i 4iiT,4^^4i4;44sjj 

'?5^PSl'l)^o ^-^®,M44§Stta/RPS4to"gfB^SPm 7.3 PS?; 2 tl?llSf/?,i:fk/^.S4'4A- 


^jiPS*4t^g-^o 

if^PSAf-k^'^iilll^ A44i'4'^J$Sni ijjlJ PW!VI( pulse width modulation) , 4 h PS 4K PS41 45t-^ 

■f=-P-— 

\n ^ 


A442Jj 




Samples 

HI 7.3 ffl44ajSbil;^Pt^3£;JS«i4:i5ig®^K7FlS 






8. ^ m 




A- 

>LliN o 




• m^i'^Mm'\mHnm}(Koniakte,\95s ~i960)o itji-tfNp”p4', 

i«! w ^ # u jm-n ^ i^ w. ^ u ” 

rnmnmri^ 

0A^ —#0^iS( qiiacJraplionic) , BPf^[lt|^i§xl^ 

Pierre Schaeffer) it 1963 T^M JXrfl ^l'l^^n'‘3imi^'^Ifi5cl5^J-t 

AAl-m ,^jA(1'1 li''j5c^fll0 ( Variations for a Door and a Sigh) o itl^ftppt', 

if]fMiM^%fju\vtmiihm^^\r\im(&A^>^'W^ ),^mtp^u r^j a. fi'j# 

mA i>^ jfi!L^\mmMUo mA‘\\'Afi\f^A^i^AAAXAm'frrm^^.o 

“ ” ( Piusic cencrele) '|’“ ( found sounds) ‘^'')A- 20 ^ 

h\\A±i'\^\\WAA^ • mflilLm iohn ()swal(l)fi'JB T‘‘M^^#”( 

r '^' f ]«|;ji APlunder,dionics) A '^. )t6i'w ‘A ^ ^i'Jit- i''J ^''''"'J [' 

Corni,osilion Prerogative JkmilU, i9H6)-X , PiO/TF ii'Jfl^ l'A hi M if-mi . kWiMA ( 

• .<f.ii,ti£ti<jiiRllll{>4;>>:/-;#M) f 

: ■ x; m » M9-:k "/ i n r .|k f* it 17 l' .Ij: 97. 7i« W 7^ IS tt, U S KA «' 9h * 99 M -x 

fi-:.ifn7£^>krirs-Uixiiifli^fi'j -i*9j#7^i'7i'7t!i!M9'j9iixo /ii>r. -i 
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T ^ fe /J N ^ M IP it II . AL T tT # fp ® , iit tT 7 a S if fi'J 11^ ^ it 4^ ® ± ffj'j 7 - -t 

^if P^f^nfj, is N P| ip PR j —t^-.ftti , PUi^i*ilcP/f 7) 

&jfl ipif ^ 4^ # p'j PM o 

3i#^17lPit^iL#7P^^—7ft:7vafl'J;^^4^ • PhJ^ 7$5H Jolm Appleton)64«tflE>7ML 
{ Newark Airport Rock,1969) ^ 

iS ft iA N 4^ # o ^ It |g it ±, fl #1 ^ P^ Ii # ^ i^lL i p fHi AA A a P 'J iiJ ^ t ji Ifx W P M 43 ^ it- 

mm .4ia mu, ^ui7fiit-f*ww7^npM7PPo jAff7n°nMmiSL r-^M/j^p^ aia.? t- 

lt^'Jf7P4,i>[#^0s^.^ifHi]P*^o SI^I7p°nP^^^h-7fliJ^)^^#it 2000 ¥^'JftP^ 17PP 

«l/L n ff It»( The Mach ine Stops ) o 3A t ft PP ^'J ^ ffl ” 4^ a lA A' ^?f P4 lif 7 ft ^ f4: Ji «,t:— 

^^aiPiE^^?;^,Ttita7;Pf]in'la‘t'f^lH J iP^^i^MftPLlAXAX .'711 ^A7 

20Hz PLl^ic ft ^( audio rate panning) |PL^fl!ifd:JMA‘'/Ao 7 fttl dffln fibfX.fX.ffl^ Att^ft A ft nP PLi 

mxmmm aami apm .AtfsiPM. x 

fn7rPLlB®77AmLkf5^ffliA®liA,H^iA®fft'/A7ftt^ftilA! 

0^icm^rmmm 

[1] Dodge, C., Jerse, T. A. 1985. Computer Music Synthesis; Synthesis, Composition and 
Performance, New York, Schirmer Books. 

[2] Fletcher H., W. A. Munson 1933. “ Loudness, its Definition, Measurement and Calcula¬ 
tion” , Journal of Acoustical Society of America, 5, 82-108. 

[3] Oswald, J. 1986.“Plunderphonics, or Audio Piracy as a Compositional Prerogative’’, Mu- 
sicworks 34. 

[4] Zwicker E., Fast H. 1999. Psycho-acoustics, Facts and Models, Springer-\ eriag Series in 
Information Sciences. 






amplitude 

envelope) ( pitch detection) ( autocorrelation) , iJOfUSi^C add concept), lit 




2. 


ills, BP A Attack) ,D Decay) ,S Sustain), R 


jizi 

a 


Release) o ^Plfl 2.1 Plf/Ko 



112.1 ADSRS^S 
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ra2.2t^,‘h rfriHS!lfRI#C4 kHz, It “>J 16 l.it^ i^l? 

fi'J_hf?l RMS( root mean square) { I',1'I?I^ RMS {M6'J 

fortissimo) , T^clf] ^11 llf?lj tH 1^ fi'J It . 

M^/lit f# tl'-300 ill MM -40 (IR. ITi] M ll't Wi 45 1 Ril? 


- 1 8 f 1 B, fIJ i^j 4 #l^'tifi4^It Jfi -40 dB o iPMIn ADSIf ^toiH: 1;i)>J 1^. Jiilnj 

* f4 6'j n/f li-t IM It m it- T tl ilSJ rfiij l^-J ^ It U o H nl K 


ADSR 






S Ji It ipM ^ ± IH IS 'J' ll<J ^ it U hH 3l ^iJ p3- # |)<J I'jf rg,^. 11^ % T :£ -/iiH )jij it 11 iMJ H'J 

MATLAB* 

7'. , toitl'ffw#® 17117 ^ (fl. i- 


[x, fs] = wavread (‘nameOfPianoSample.wav’): % read wave file 
sound (x, fs) 

disp (‘Type any key to continue') 
pause 

xReverse = flipud (x); %flip the array up -> down 
sound (xReverse, fs) 



seconds 




m 2.2 »rtB^IIxl^ C4 
( |•.RI ‘7Ji)!t)f^,'|>Rl■3;flc^'l•;(^if,V Kl^l'/•; .111 
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5 10 15 20 25 30 

1 unit: 20 milliseconds 



111 2.3 


3. 




^ A DS R ti.j nj W Iij—® W ® 6^ in 1> Jn # Jl W #, it m ^ #|5 W ^ ^ S 

im ADSK 

noisy) 

iTil qimsi-perioflicity) 6^#flHo Ifl3.1 

t r - 1 'm # ^ [^ H't m * ^ # it s, aa 11 

•/it,iii/li^iI.'P,i^iW'lto 

-2^iilJ:®tttlFjlfrlltMyiSif.^ititicrt<J wavelaMe synlhesis) o 

M K ill f'r t fn -7 ft‘J nf> ii fri ,S«-tiP '/u ft *) ^l^[ l^)> i3t is S Ifi nP ii fl J> o 1j^ li^I ^ I > t" 

mm JAft¥A^^^A M ROM ^|ti] WMrtM^ft'Jt 

li^ft'i tJ tT;l3i it # t ift'■ ^111'il'iA M ft'J W K M Vih in—A^&. % t h iiH iii K IE ft'J it^ illi 

III }W; 11 'M '^- , fi/fi , t it ■Ji: -1 W. f -iA T lJ. tr -M -iit if^ ii'J ® fii! W M11^. ii - iA ^ •'•'J • 

ill 11 iii /■' fil 'ji it f ft ft'J ii-t It, ) i ;S )i ii}'i i f- il. i{() M 11 ft'J K" ix it It ii'i t'J ti W if^ A: & Pi it 

il. Ri\ f K- 't ft^j^ i/i-Hi , "i W ill “ ” ( Slea.ly-slale ) >E ® ^ t fti 'i% i-'J Jtil l^t R < I'■ “ 

3.2 iTr/t ftiffi-Ei^y iln.t (ln«.[) start ) lllilfiEf'^i'i ili.t ( l""|) «ni.l) .-tr"]ft'JilAx>Eltljii;/- 


'■=■ ?v 

\ I o 
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18.140 



9.070 



27.210 

0.51-'- 

I ^ 

< -0.5 1 -'-' 

1 200 1 400 1 600 

Samples 


36.281 2^#4t 

-S 0.5 

t 0 

E „ - 
< -0.5 

1 600 1 800 2 000 
Samples 


45.351 5*#5d; 



Samples 



IS 3.1 


215.396 8^#<fJ: 



^*g 4^ ii a ^t§ ti [5^ fR ipM ^ 1511 fii) 1J -1 rfl'J It m lii I O'm f/j 1^^^ 

liT.o 108.102 jTii 

3,500 fni'ifi] R^ 

'r m III^^|5maa ffiJf )tfi^J /j-A t:(\hh i■■ I'VI'l^j o fU'-l-|5-K.a)II'I’. ^ 4 : '4 iti E 
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ADSR #t! 


4. 0^®5)'|ff,RMS 



— f"S 

m 



4^p^AA®^:5^H^®f'k( windowing) ip —f'f’-^Hl 2.2 SHI 2.3 

H'jinx4^—4^W 10, 000 ^ 6^ f g-% , l,000 6^) (window size)o 

~(£i^WW5ty,^'^W -1 ~1,000 i,00i 

—l§i2tTfg'^5)'t/f6^Ar&^^A/“04ff ^tif” ( windowing) o 04ffi^ 


4.1 


0.6 


T3 

3 



0 







20 40 

Samples 

ffi4.1 50 







32 




u) [ n ] = 


1 . 

0 . 


0 ^ n 


N - 1 


(4.1) 




[«] = M’ [n - L] ‘ X [f?] 


( 4 . 2 ) 


A' = 50,L = 0 0tT^4.1 


IV 


[n - L] li^o = w [n] = 


1 , 

0 , 


0 

fiftli 


n 


49 


(4.3) 




!<; [« - L] 


L= I 


= w[n - 1 ] = 


1 , 

0 , 


0 ^ A! - 1 ^ 49 


(4.4) 


A^jt:( O^n - I ^49)6^i AMai#iin 1,A4.4 AA4.5 


w [/(“!] = 


1 . 1 ^ 

0, 


50 


(4.5) 




y 

1^ 


A A: 


w [/? - L] = 


1 , n 

0, Kftli 


N - \ + L 


( 4 . 6 ) 


/.(ixit A L R)iS 0 i-|Hl'ftii±^^ 0 t®¥ll L 1 -^#* ,Ei 2 fe? 5 i-g 0 t 


[x, fs] = wavreacl(‘nanneOfPianoSample.wav'): % read wave file 
xWindowed = x( 1 : 500 ); 
sound(xWindowed, fs); 


im 4.1 

it Ai'iii^'j" n/un’- a , 51 ffiE f-i' a ^ ^ \ At(j.. fu a 
A/^A:#,jiAAJi0m5>tAi^l£iS0i(;AAifiii|4)iiy"fi^0.t'i^^^ .Etl'i'iltf-ii-fUi] RiU 

'X'Xi't{i!f-j—^\'U'fl^ -( llann window) , -fj 0'tliLl't A'A Tt^l (llaiining window)it (llll^l 4.3 

(tj '1' m r;ir/A, UBW '(i "f ■(fj'(I'J iM , iii^fi'iA: -T ilk B ' I' R, 'I'M fi'i I(■) i«i m A R!)»'(.., .E H* ^ ’?J itj lA'A A- 



f 








k»«v. 


T;»>»i 
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11215.396 8*#ftb 



N't 


a 4.2 

-^iSIf ^ I^B^1^‘‘PAPA” ^ 

mmu.,m4.3 


KBWMi 
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1^ T iPM fi 4 , it ^ X ^ rr ft# tiE M, Jia ^ 

r^ 'PM ft $ f-i: a It u m ^^ij n , ifn x fji puj ts s, * i# * ^ # * znii'^mn^im^ 

zmwimw^ko ^ 8 AA 

^ it fsj -t-T ft ffl M # |l§ sy fiXi^ It o 


4.2 RMS -^fl(pi^i§ 

iJt ffi iPM ft iS ft ^ ft i'J o — ft E i t 

RMS W'/io RMS J^“i^Att” ( root mean square) (hJ^ , A fiP A 4.7o 




m ^ S'v^ 

•'Ll*' fZt 


H4 


1 


/.-1 


R^^S = ./— 


( 4 . 7 ) 


n = 0 


RMS fifAxft^iniftto^AXAiftArHtfi^jsxfAao as^Aft^?Mit$ti^MiAA aa 

transient response, ^ft^ ) iftlt<EX , i^Al AtSft : fO. 

A-AAA40t:Efit]AA;XN6^tS^K'lf(E,BP^-A^#AXMttPA'$ft,AAffnA-g((tl^f^^ffl 
Attisii(fAiiixAso M RMS 

[S 4.4 RMS ft,lli|ftfnili|)(tlll|fi(peak-to-peak)fi>)st)S?allo 



@4.4 iE5i£}J$6<) RMSfi,ilitiIJ^ili|3!^ili|ft 




RMS ,im 4.5 mm 4.6 *1114.6 

!)I'Jnnii'0MKHtM*6Ms-^,fS^^^H|^ClZMtto 0 W,365 ^,M 

s# 0 30 30 


L 



CO CO CO CO 


s s . . . s :s 

od cd, Od, 0^ 


m 4.5 RMS miu 
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Ih} Afn-^-v 



I 




4.6 RMS 







ji^^( zero-crossing-rate) Itl ^ tS^l^lti(( autocoiTelation) o #W-'/jfetH^llj , NH't lli II'- 

'^W'xiCo 


5.1 aWM 

crossings, ^,0 ;Uh y = 0 $[1] J: iJM fl^ 0 AMiS) ^IKI fi'jH’t I'"] ( 1^ ^ ^/K ) , <iH|^l 5.1 Wf' 

m o •v,;^ L-'5c;t Fri9 o 


lltf^'fni-f>44 100 1'^-tTy''>'l'Yj' 522 a'a, I01’^'J I' -ti'lltU)') ily^^liUul.V] III] fi ltt) 
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Pi'J JE ^ iw, CiZ S a # * .g. 1^ ^ ^ ^ a ^ ^ 5. 


1 


_ 522zcrs/ sec 

J = ^ -;-- = 261Hz 

Zzcrs/cycle 


(5.1) 


a ic , s ^ a ffl Ell a # a a a ^ ti ^ * iS( ^ ^, 1)1 ij g ^ ^ $ p-fr 


5.2 if: 



44, lOOsamples/sec 
ITOsampl es 


259.41Hz 


(5.2) 


iE?2iS 





ffiS.l IE?^®(±ffl)fP|R^|&(T@) 


[#iS*C4(26IHz),ii4#i^/.=44.l kHz] 


ai]^-6 A,^3 A/^a/3W4^o 

%, mm m mm m (i<j ± in t pm : 


27 ^ 15!^/^ 4 200 


(5.3) 


itAummm-m,'^M,x^ 5.3 aanii^t 5.4o 


1633 > > 10 


(5.4) 


hi^'yB-Mn C8 Wxim AOo If I'wJl^tMISrt'Jijicaa'^A^^ 

vJcapVw^^.tB^o (iriwAiMia6 A^#ai'pja^-a(a/j'zT' 7350Hz)i£iai‘i'i r 


w^icd^ja^ao 
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|?I 5.2 -tl^) 

ZCR % 82 lfl 5.2 l^tJ±|?l) o 

, jj A ft ;S P/Tlx 

# s' |5^Sip , ^ It@ ifi IE o [sJ flt, i^' $PI tb a P$ fR, R ^ IS '/-!£ ^ a E^ ^ f ij ft )n . M 

3i4^fK!^05>fi:tiaEl^TS*f5!o ADSR ^Ehfl 8 aitlEo ilnMEERx^E 

ft,SPA=A -/oA AM^o 

ZCR 84.2 



ZCR 35.357 I 




5.2 iE?2®6^iS#mfPa#*(±IS) .iPd^ISfi^iS^mfPa^^CEafPTia) 

C4(261Hz) ^■^^0.f^=44A kHz] 


ft—Affl ZCR W--/i3EE^?!)!iJ^i^iItiA‘fe,ftAI$]!tjjfiiEliiJftiI^A'/iRj-W—tlltoft RMS 
E2t^,RAftii^ftAJiif^ RMS Hi It ft , nj ilJ - # ?i( ft ^ Il^J RMS Wli 

^ # ft jt: 4.7 Jn Ifl 5.3, ]^ W- & ^1'I Ei( ft' ft ^ A ¥ 1^7 fi it W- o 

ZCR WikmWnA rol.ust) APT' Ltn A T'“iiEMtl^ft 

51” (lime blurring) , if T [I<J ft ft Alt ( W) fl^ W AftEj ft fllft Ift ft 

0 ft ft, -^ R MS W- if ft A in I'll o ft m. fti ft R li H J A if fin A ft A ifif im ft ft. ff ft fifj ft: Iiri R 
®o ^^i£:tfi<jJiAEmftftttii'tftftrr^MAAftt'RflJffl(fio 0ti)lJ-'A; lo tAft 

*S<j0EftAt>rrRlt;A loo AAftf /tilftn R.wyi^la^ftlttrtAftY^^ lo AftR|i)i.fn,t''. Alt^f^A 


ra5.4^f;h rill'^Kit A5() AAftC'Rc 1.13 'IftifljiftftAilttR-AfRiftffi'jf^iJT-. ftftff 

RAH^iftJijftt AIAAiiliJtRf riRA 5 AiEAM fto ill ftiIttEjft'x \% ft f- 

f) fftlillM'f'ji IiS( nutving average lilter),, ftlEftl 5.4 itj I’. I IM ftl "1 tU . ft R] 
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Ira 



5.3 




ZCR 27.937 5 



® 5.4 i^ls•§•&<)liS(±®) T®) 
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5.2 

§ B'tPJ W 1 ^ ^l'J 3 ^'?i 

measurement) 5.5 ^TKo 


^ '/i S ^ S t@ fW'14plj ( .similarity 


A-I 


^^fxx ['^] = * a: [ - r] = ^ -t [n] • .r [n + r] 


( 5 . 5 ) 


/» = 0 


55 : 5.5 4 ,t %&,acfxx [r] Ji 1^ ,/V mm ^ 

,n T = 0 0 ^,ae/„ [r] 

6:i¥^fP)o [4ljt5.5 oj^,^ RMS 

VMtM T 1i) Afg -^(.t [n] ) i21^ , (50litffilS(!n o 



®5.5 Jiia? P=8 &(jiE?S;jS 


flAI4mW^UIfl 5.5 (J/f^N 

fft * # 6<j je A in , -1 Ji m &<j minium p=^{ k p 

^Pi 8 T mniiiiUT^o 


2 N‘ 

ACF [0] = J • x[n + 0] = .v [/? ] “ = 1(1) + 2(2) = 5 



ACF [\] = ^a:[//] • x[n + I] = 1(2) + 2(1) = 4 

n = 1 
*) 

ACF [2] = ^ v [;? 1 • .V [^/ + 2] = 1(1) + 2(0)= 1 

n = I 
2 

ACF [3] = ^ .r [n 1 • .V [// + 3] = 1(0) + 2( - 1 ) = - 

n = I 


1 






2 0 —) 41 


ACF[4] = •;>:[/? + 4] = 1( - 1) + 2(-2)=-5 

n - 1 

ACF[5] = • ■•t[« + 5] = 1( - 2) + 2( - 1) =- 4 

n = I 

2 

ACF[6] = ^.v[a2] + 6] = 1( - 1) +2(0)=~ 1 

n = 1 
2 

ACF[1] = £x[n] • x[n + 7] = 1(0) + 2( 1 ) = 2 

n = 1 
2 

.4CF[8] = '^xin] • x[n + S] = \(l) + 2(2) = 5 =ACF[0] 

n = 1 

ra 5.6 N= 2 ,m^ r o ^ 

ftM 8.f?i 5.7 ^ ,acf [o] =acf [8], nmmifWT>s 

ACF[\] =ACF [9] , WlJ-M: 



05.6 Af =2,0 ^Et=O-8 


ACF[t] =ACF[t + P] 

itt, , 'Mi 'f'-'fH^r^j (5.8 i^^ ^ 

/■ 

JW/ p 


(5.7) 




(5.8) 


jfJMo detection algorithm) flliilJ^£));i/i(/>= 168 "h 

O ^dl/l-.ill'l'trril^ T "f i3:t|—40 (l'(jll)1i^{l'lt^^M)JS( peak detector) , .llfi H i I')T- 

m ¥ tii ifi it \m f'1 f I fi'i. o 
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-1012345678 


Samples 

ms.l /V =2,0+5iT=O~8 

ISlSq= 168 tli^#* 



Lag in samples 

@5.8 







S 5.9 S'?^ /£ 



1 


{ 5 .^) 









-) 43 


ACF0^,ill!)T®^^^P(SlfoZiPlg^fo 

P 0 ^ S *1 P:;1 * fft S ® ^ ^ ^ ti^ ipjiT ^ o ts ^ Ipilt R ^ ffl 5|5 It }||J ^ 111 ^ 11$ {t J P m i+ ^ ^if # 51 J 
P ^ III flq rt ^ ^ ii / J N plij ^ # it ti « 6^ i® «ii, B P lit Bt ^ ^ ^ ^ ffl i» , M iJ ffl 

niS]/oZo itW-'i-M'jmmms.lO, 


^-xyMK-* 

‘ ,^^.5::i:>«S ',.-<N.: SirViSli!»>. 


b'\S- '■ ■ ■ 


'-, 'Vx?" ..^■€<i''Cfc > 1 *^'^-' ' ?^'* 5 *^’•vji^T 




In ^ 


®±i!EiS ()^SP ) 


^feipjIl-K:? 


Ip'll i^=fi::^'l!!^-tx 


ipiU-lx 


^feipjll^ ( ) 




ACF 

i 


ffl ®f P-J ipiHIn S ipjH)W 1 SB 
PeriodmaxPramclt^ S li^SISC , 

mmmi^mAmmm 




PU ®f P^J S fe iPiH lx nlfa] 1^ 





®5.10 i^ll5^ifi?|5^f®l^?fSlH^■l4P1JS;^/7f^^i(lP0^,2OOO) 

rti T R p^j # w M iji* r ?£ T-^ t li ipi\ i^i t n 11 

m^m^BrnMrrnu^.j^tinimmAUo iitB-t.^f*!-?^^ii zch 
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^ M iM, Ji - # ^ uif^^ ^ # fi ^ C.'JI ^ 6 tl HI 


r-^ o 


5.3 Km^mm 

5.10 IW^ ,-^ [^ cross-conelalion ) ta 


/s. ^ la 

n 


iS ,n 


^ n. 


.\-i 


''x ,[''■]= X ['*] ' [” 

12 «=() 


(5.10) 


sffi^iii»^tsij^iw]^5yfs-^;trBi&^ffi^'f4o x^p^n'iiait^iuAiijffi-^fife'll 



( sample rate conversion) J^ta ^(i'' A#.‘^x fll] Ri( $ A 

fSo up-sampling) , M pllj^ ((loun-sani- 

piing) o Ai^^^AA0^MPij^)tm^^pisii^*nfni/^A'^if * , 


6.1 


r[n] = 


x[n/L] , An/Z. AM^0>t 


0 . 


^ n/L ^NMIi[04 


(6.1) 


(ip^, [n] =,,,^.4. „ = o. 1. 

2, 3, 4,jiL = 2,P|IJ^.: 


>[0] = .v[0/2] = .v[()] = 0 
y[\] =x[\/2] =0 
v[2] =.v[2/2] =.v[l] = 1 

,v[3] = .v[3/2] =0 
y[4] = .v[4/2] = .vf2] = 2 
r[5] = .vf5/2] =0 
y[6] = .v[6/2] = .v[3] = 3 
v[7] = .v[7/2] =0 
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ffiS^!l,$n|ll6.io 

'?§'^ii:ii^?S:^jfiiili[(i!( interpolation)iStT6'!jo l?l 6.1 6^^[ll^nLtiT-^"1^^'l4tfi{S( ISfA'CS^^tS 


A 






4 


3.5 


3 


2.5 

<D 

"O 

:3 

— 1 
a, 

r- 

r* 

< 

1.5 


1 


0.5 


0 

0 2 4 6 8 
Samples 



4 


3.5 


3 


TD 

D 

■■i- 2 

p 

< 

1.5 


1 


0.5 


0 

0 2 4 6 8 
Samples 






Samples 


§ 6.1 



6.2 

Ao M SLka^ 6.3 M X 

ff ^Jo 


y [ n ] = .r [ n • M ] 


( 6.3) 


M = 2,/jBji^#tA'^-^0r?I 6.2 lllf^o 

a; I'j^j m% it- n ff mm i-s :if'J, ^- ^ /1; f'Am u^.o 81 >it- ^it ife iii -/k# m m 

( anti-aliasing filler) P'J^iilSt Af¥itlSo 

A: # if; Jjiz i fJ f I', i IJ it # iiJc M fA ii-'^l rfi'l ^ # 4' ii 'iit tc it ff /i! P'J h ijt ^ o ill 1 ^ -It 
ii A ii^ ^ t' , ^‘t f H fj- fl^J A 't- it i r iMI itiil. 7^' A Ji-li! 't'-1'f f 11: fl At: ft ill IA 6.1 l-Tr /K o 
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T 


2 4 6 

Samples 



2 4 6 

Samples 


6.2 

6.1 






film L (g 

i^JalK 


d' M (M 

ISiii 


j]P( Ftl ^ fH M fitfe^) 

5|5|itKl^#f^iMlP'J$i[^, iri]ii#l’}fli“^-^^5i[/^Z” ( munchkin effect)P^j|:^P(^Jii'?n -;i; 


%Load some audio sample into MATLAB 
[x, fs] = wavread(‘mylnstrumentSound.wav'); 
sound(x, fs) 

% try it with up-sampling, for example 
sound(upsample (x, 2), fs) 

%or down-sampling, for example 
sound (downsample(x, 2), fs) 

ft5?6.1 jji15ii 


'M 9 $m ^ k\ 1 M {\[ u in ri<J ti'i U F 'li: tr ii'?j I'l^J h U<. F 
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it OLA( overlap-ancl-aclcl) ^'&Xtft¥i2tf 


7. # jjP 


A'S+JJn[fl 7.1 



Samples 



Samples 

7.1 

^''Ti.^^KmnWLm'M^WPn^xo ;tmrP^0^1tft^^|Jt>,0^®it«itll0t,T-^0^® 

ffn^Pl^7.i 6<jTlfI^;f^,?lcfn?±^fiJii 

1-^lSA512 gp IlO 4#) 50%,ffl^^^-T 

256 BP5 ^#)o 

TP't^'^it P7 ^ irt ( hop 


size) .jltf/JMlA 256 90%P^i^5>i2^Ti^JP 180 

#/.to m7.2 A±3^6i"0^@f«P<j(?l7.l f|xl#^tPjitfl,L^lS±^A5l2^^#A*Ao ^Tl?IPJ3i6 

3p(7AT^H5<if^rPk^p7rizfe#w#/jn=^o 

Bpx.j-rjKff;-^Jtfrn^^^/>t/i-, l-.fVHitrpjrrfn ^-BPi^;|^jti>tr^f;ft 

P<j m ^il£ f r # /JP o ra lit . I?: It T Min ^ P^J ^/> Ifr ^P i: t^J (»i "h .>15 "/> . -{3)< I^P A # ill I o 
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i.71 



^ 0.2 



200 400 

Samples 



Samples 



0 200 400 

Samples 


0 200 400 

Samples 


II 7.2 S inlx 


5()%6^5>trr4tn^(256 75%65^5lcfiljn'^( 384 

25%, H:^ , 280 t'Ti 

25%i^^j41in^t^,!jlij##|ij- 25 %. « 

^W 2.250 OLA 1: 

i] n ^ W f g. t iS tf ^ # sic ilit ^ # o 

OLA ftlin ^ '/i fIj ffl T -L'51)^^ jf' if ijV tfi ^ ,*J Jjt ^ if g 1^ 1^ 'il, 1^,5 ft-^ po] 'If JJ-; 

ka m 1 M & ii i'j M -:«ii«j- !fe n 69 ic: ©. a ;n m 

69 o ^ H'K ('^J¥ n m m k hz n>j-. a r- m m m it # 69 m . itw >1 r 6^ .*i 1 ihc :6' 691 tk . <iii 
^ AM 69 ® Jt W E WIJ 69 i^fic ^ 0 hie 0 -#o Pili t fl'K R' If ^'J $51 ^ jjn ,.® A ® <11; '1f)( iit §'K 

/'6 69 A li{, 16] S t j<? -t 69 # fe lli ^ A lllf ^, jk: M ¥ij ii 20 H z |519 jfi, jR 20 H z irr, K R- Jf <!i9 ll!l if 
#\H 69 $K i'l' 'A lAi- n Hr, ilrifrM '± T i^' 69 o $51 fl- gifi A11- m '’■a B 

5:ii $51 ^ A \U B9-, ft 5;-i] 4^ $1 [6] A M € M $514- 69 ti \, OL a ft ijn W ii- $1: f:- $|J 11 j A' M. p >'t- 69 E 


#fiF.,ft 20~30Hz( 30-50 1 ^#) Aft$$145i^Alt^ffl69i|i'ii'A‘1$14R‘'], ijn A— A?^IA- 


/J' 69 6$ It W A fR/J N 69 llMi, A f'i! mft 6A A K11$ R !i'£11A1-ft A. |nj 11$ ft ,44<4 


OI.A ft4T;'A69 ■ Aft 

!/i I'ri]^^ Ji 14 ^41 IS] m I'hJ \% ( l!|] 14 ft{fp.) 11$'6-1 ifi] ft- 'I-: 69- flR i'$ H ft 5j^ iiftW- "J 1$ iiL.mj 69 iA, )J6 

. ft'piftbiiiijAiO^^M'ftViAj^, l"l$iJl^l 7.1 ,$Ur]; lift.tyilli!$ 



/> 


l/l ,».».* 




'l$lft)j|l)Wftl1i69)4lftltft^il:{!4^11£^^^^ E-lnJ® 'jlU |■.lA$■y69ftJ'l!plftJ'i!ft ff A 

U|ix$i;jii$ijt$$.|£jii]ri;;i;;nV;;ii{4 ftft i^ft 6iift-i(yn$rtv^LiaM'$?i:69tV4l6- 
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Fii fnffl W9im 4 .« 

.€ fp # 1^ /i-t o N ^ 6'J — IS ^ ffl ^ N M] ajj ©^gg JP m-t iS S P^- if # jjp it P'J' ^ ffl 

fe^t" T?P^jAA, fflii#iJS]g^±i 
ijp H iin Mi M i ft ■§■ p/t ± A € jjp ffl U o 

P^|ij]ii^^P/=kliH>J-, A-PKili® OLA #iJPW-AWJ^fltlA'APj^AWi®T e?]A 
41lP-^'A PS( )LA ( pitch synchronous oveiiap-ancl-aclcl) , W Pt itL A P^ isJt i^ A ^ ^ A ( lime- 

domain harmonic scaling method)o AWAM^#iiiffi ^-fij^A^ih^APt® A'llAiirElffEA 

Ptffiffc>Plx(ifjSif5!fifcl#—Stf-Pl^A Ap® 7.3 l3itl:§APM'ffl6i]AA'ASI[5At§x^j[S#S 

fi iJ ^ ft. ^ # ffl $? m fi ^ lii ft iJS] S f^ ff A P M- ^ A A' TP ^ ^ ® A A>1 ft ft S ft M 

tWin^'-P^'^itmmmMo f^=f- psola ola ftjjo^ 

A'HfAfi'JAAAKWJi^M^o psola 

AP^ft-^^#SWillSHtti^ AJJ PSOLA ^AdiTgiSfflAitbl^ft 




In AT- 


'filin^Aoi.Aittrr 



7.3 PSOLA M',i 


8 . 


AA-M-t|ifTitftkA,^^fMlT^:^aWf#^fe^^6A‘^iotSA.AsA”(<>een)fL±MAM-- 

A f fi ^ fW ft 6 \J [til { A i [i‘J A — ( Another One Bites the Dust )Altii Piti^ A?" fiti Af4^ 

p At Pif M fiS5tij ft # ''1' W ^ A141 fi'j ft M p # S, A I*I' AT # tib 4t M ^ fff. 1'0 H ^fl; Ati Titi A. 

^ id A t E »lit A W 'A hJc fiti ifii H tIJ ± lit td /V I ■ At t A * xfc tf- Ji tiP Pi «t'J fiti, ft W'J ^ 

A«Ei[til t ItirMPf'XfC A” ((hum and hass loop)o fi^'/m,ftii^.A,-fP'f R 7*C^i}i'J^tflti^ 

it: illi fiti ft Mj:1: p # x-t A ~ 1 H'f fi'J Aift A lip n £- - A fEJ „ A [III -jj - A ft U ft il fiti fili A A fi-: 

(ft” ( hack-masking) flcfflftRf'Rifr^iCll^ iHdiKlIll fitift m ^n A A. fl'A tiAil^flc t'J A® A 

A fiti ftf lit , fit tif fiiH 'w: R] A ® li^?. it ft A Hi it -Jf-1< I - 'jY tii: 'li:- Af ® fi ti A ^ A f?ii- A 'A lf\ it f'l) I ] 
IE A r' r< m ili'l ft A A ii/'f A A iHl A A At ifii .ta tJ, if M hilj m A ff'l iM ff /A 'M it iHl Pi A ft 'A ft/- fi>J 


R 


rMt-FftillftRftAittf!ftAAAt!lttiit«i(Atit/4Lfj'AI5AA“iEfTTTjAt<A”(Ha<li..- 


I 


head) o ''t ff A fl' Wi X' iff: A A A fti) 11 fit A ff lA ft A M ti A f' U fr n] Mt lA i t- ^ fils ill 11] I'lti ii 
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Floyd) in “ Money )]-#,W 3* 

iotequem^-^^mmj-o &nw:^:tmvj.iia]!ct^-mti,^mi^'£R'^^m^im)knw:^(i'} 


• ^mSCPaul Lansky )SM1Sn”n«ya In [Tng^ilfeXm/ 
und Leise) , itJi-’t^^ililif^l/lf^ffl FM iJ^])|P||$7fi( W^Jl^ 4 ) ln#lt?il?^t^5lSiaif^ 

• Jjfii0l^^(Ken Steiglitz) ^Xfal^^^ilSin’n ( Fortran IVilOtF 

Tn * ifi:^(George Perle) 

& ^ - 0^ f IJ it LP Pi II, lA 4^ M ^it [III fA A « fl itv»[J^J * A Sij liL, ii>\ fA .A T 

27 ¥nu&^itt'i^f1^/La-^^4^l^](iA^>ffi1^n?). ifiiARi)|5 iL K^iiT'A'lTAlJliL'AitliJilflX^j 


William Schottstaedt) ( leviathan ) o it ^itll XlEnlAJt A IbHit fM A S 

14Ai^ri?.,MSAA.Ai;J5iaA4JSfiXtffln7Kf<ii^jAW, 41 
A^lJfl^itX“^>tf^n”n”(tape piece) It 14 , [4$! (4 li FP 51 Iff )A 15.000 A >114 . M W [UXt 

^ W ¥ it la ^ i4 - 42 o 4/ T f ^ Ijn if J4 li 5 ^ TO tt, ft itl I |i ii it iJSJ S M j| A, (41 nl - m ft ^f] |/l t • 


[ 1] Cook R. Perry 2002. Real Sound Synthesis for Interactive Application. A. K Peters, Ltd. 

[2] Davis, G. and Jones R. 1989. The Sound Reinforcement Handbook. Mihvaukee; Hal 
Leonard Corporation. 

[3] Park, T. H. 2000. Salient Feature Extraction of Musical Instrument Signals”. Master' s 
Thesis, Dartmouth College. 

[4] Rabiner, L. R. and Schafer R. W. 1978. Digital Processing of Speech Signals. Prentice- 
Hall, Englewood Cliffs, NJ. 




{ - ) 








^ ( granular synthesis) waveshaping synthesis) o 


2 . 


nUo fi=F'kh%^mmm=fp^mtL^mmmm^o sonic 

grain ) • L'k^S( Isaac Beekman ) 0 i£o 'i^0i2®ft!i 

• iijDffl(Gahor mi) 

imo • i^^^smdannisxenakis) 

■ 111 i'f- ^ i ± /s tv. 

ll'tM , d^hic—( sound cloud) , 

# m. Jii; I ■ n U -f ry, ® ®. ill # jt- tS 4T H :t 54 M ft t (ffl ^ T I>a ^) 6f) 3|4 # -/t m ifn 

iii^idT^y, iiinfiffhi^rfiftf0/.5?..w^45 ‘—epjs'^^^ 54 ;^- 

|u)fi^J/i^l'A4^fl'jffl5''Jji7}ld'inft'^'ii|i#l&/i£irp^ |fl)M-if'h“/^‘'l'|j” ( sound canvas) l'.15fit)L5)‘^tt 

fl^J, il /h r V/ ill; - 4- it o I'A -T- 0- hJc fl^J 1: f1-: i'l! I'J i I IT A 4 "fr 'i^ fl^J /..) K fl-: . d R £} K T f • 
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tijT^nS0^r^±^^^^^^'J^ TJ '\'WMift{\^ 


2.1 

^ tr ^ ^v. ^ ^ ijEtslc '■|^' ± ^ ^11 ±0 M2A ift 1 1 ‘i T jjc ^ Dl 5iJ fi'J jS IH T -T 


r~i 


^2.1 


# lif 

•fm jj: 

Grain size) 

fi 7 0'J H'J- K, lUf 5'J (I'i 'Ti [4 A ^ ff' 

Vi indows type) 

1II -p iit4'C f ^ 7 - 0-J 11 •[ r4 M 0 

Grain amfilitude) 

•7i.7(7m±mno 

Grain density) 

HP7m7(imh>: 

M ( Grain piteli) 

k\m-m.mi7<i7Pi<m'i^. 


>11,% 


, 'E A'j ® /]i <!!l ® i5'j. fIh n-t fi ® fi'J ^k- 

M'M.M ,W.in^ S'J U^ M,t iijc iPt'A '/^ # It ^P fi'J ffi -filllffiI h lH ;«l^/.-T A'J It fib /x H^ IH l|x tP: f- 


J>( Gabor 1946) , HflSt^l!ifH-o4l'J)^'^l/.i^ Ivit fi'j ' 

frequency composition) ?lJ44'f]' 

s mHito 

npm^TP^rwKf.^^ 2 

3 1^'t'i4i^)o «■ [^»-/.] |i|f»rbjiii .v [„] fi^n4mfkii'&\fiI'J tt;i 

mu^ 2 . \,% 1 ’ L % 04 ii,n\i 04 s i)<j mi^irM ntc a o 


-'V-™,,, [" ] = '<' [" - I-] • v [n ] 


( 2 . 1 ) 


a!/iA'J?)5m;b-|i^f,<jii.||;^-^5ij^^-[;-((,,[?l 2.1 irrTfsrbjviiimij -/fjHK 04 $f % 't'Jfbjit?)!]i-J 


Vtillfl'o 


^^liiyAfn^- A- [n] t|' n = 0-4 999,/. = (),0-J rlf4i:It .V= 100, WiJ Rl'ijij Kiri 'di'i'jJiillfi‘t ^Im'!] 
AfR''i(bjll4fjftft^xf^ .V [0] ,.v [ 1 ], •••.»• [98] ,.v [99] iTl] '•] /,= 100 I \.\= 100 

ii'K^^-Nff-fi^jii.t'i^ii jlifs(;l;[j;(!iiiiiAfRA>-rt^^ ..v[ioi] ,---.v[i98] ,.v[i99| 

p.-7- ]ii^ m "IIII/i0A 2.2 m /j<fi^j m /ai^< i 7 m- n p iiiij o <ii 1 'a; iif-:iijiii 7 . 1'lH p. t- t.^^. j' ii )K rv:uS ii 9 
fli n-, W]][il'Li [[ 1M Jikb'111'J- |i I] 4iliHI-: ’^\\ 0.]-, •];(/: 7 - i'i<j i|i,',[ jj'ii: 1 ij’ tu i-i [ iji^ \<i\'> 7 1'lij ]ii^ iPm (lif,H iLl -vt 17 '>]' 

'■■■ ''1 IM] n tfill 7.P7 1 'l^lli ^m AA>; ili'J tfn '<j- i'i 9 flr^l-'f fil-:.> :d f*!'ti'j ;)i!.' j i |- n fiLlit’ 
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if- ■ 


v 


finitn 



(V • .V 


fsniin 
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1 


(D 

3 



P 


Q1-1-1-1_I_I 

0 100 200 300 400 500 


11.3379^# 







11.3379^f> 



11.3379^# 



Samples 


ffl 2.1 



p’"H tili@^o ' 

2.4 Vo 








2.2 

^ SI, asynchronous granular synthesis) , 

Kftkrt^l^Sii ^ hK ( quasi-synchronous granular synthesis) >fll W ^ ^ ^ hll 

( pitch-synchronous granular synthesis) o hicfill i^flF., )4:0't 1^fib_h 

,tium 2.2 ^Jf^o &W—^<, 




- o 








f'H 


! 






W" 




I 

I I 


M.l'lSlIilllV 






.) 


I 


III. 





•1'^ **•! 



11 ' 


w iiiiir Ml 

•(11 


't'l'i' 


Time 

IS 2.2 

1 ^ 12.3 fi<j \-.\mtii\\ r-t I r-tM^t-isfi'jri t-iviii:)^; 

500 I 1.34 ins) , ll-im 'J'j 20, 000 t/fX grains/scc ) . 1ftRWDi^lpM 

{iifH,^X’xr-X44.i kii/.o nj -(\-1 JC'i'.m 

2 . 3 ri<j F 'J-j X hlifn ' / ^1‘J li'J 2.000 X ^ ^'4i\, W. ; I; F 1^12. i ' I' tF fi^j«(Itff I-./; T- fi'jiit IFt.')= h\'. „ 
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I# 



Samples 

0 2.3 


2.3 

anti-aliasing filter) 7 -R 



Time 

IS 2.4 3A^fe A M B 
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fn # ^ ifx ^ Is] ^ gy ^ 

W^o 


1^. ^ # f g^ Ti'I's s 1^ lx a a w # ^ 1^ fr!] ^ fe 


2.4 




A mi^i 100%) ffi^,M/5iiii A b tc^iji^Anfi^aiSE 

|IJiif5^mT B '41T-i trbl'ijj^ 100%)6^[xJ^ Jp 112.4 Ijf^o d^ltbl^ij't' , Wft^W^^Syfi^^Xilig 






^ 3 1s)|^IMS—)SK#ISIS±,3^ 

SltbiS AflJ T A ( waveshaping) — )l5)’£Eif o 

^transfer function) 


3.2 A j = n • x,a S^o 



0 3.1 





IS 3.2 ^t4ftiiaa?Kt 
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^SL^h'^^^^K'^/jicCclislorlion synthesis) iiJfB 

tAB^M 61) W^ la Ji-fi) A in ”• 'PM (S ^ 0^ fi'J 6'j l^l ® , W'J 'ifk 0 S 0 ^ ( waveshai )er ) B'J 

HiD(s0^^ft60fn0^#060 lajlt,ilti f fiiit M ftiiitii(Lllft#SttfW■§■ fn"s fevie 


3.1 

dynamic compressor)'ffj’||j^'^l)]--Syliltlti A6vl0^ . iiD'li 61 pjac^'lt ifSsi yJ'0 

^ )t-t)fiEftb<!)^iij)^Jtk!)'i!t'jat AfB-'t6'^^ , AAMfjAtililW 6'J 

AA))^0fg-^60jj.^.-/itLltlo ra 3.3 jatt[!![,t:ft060-tffi)30)0^^,^6taiAT.fti0Jl- 


3 





n^6<jfiip: 


I) 

m 


3.3 )W/t6'JAM 


r-j 


-r 1 


61]$x^iliMfto K^p^J^,?t“0|PMffl"NK-^“i^|pMfiii’t'trd]6tPMffiP't0 j’ j' 
^iiS?£Ill o 6<j > 1 :'s b s m 0 “ ipm iu" 6^ in] 0 ^ u f#“ m ipm f" 0 o m 6<j ?a la 

-H ^ f[i 0 f'lnj'^ 6'j 0 ^ $1A. if] iS v'li la vie 


-a 


f^ 0 61) pi ^ I# i 1^ ''^; ^ ^[I ^ H H nfu] 

liffl6^jifflf0%!A rn}I#060afl.0”(slap ami pop)ftftiti:t|-0».t 

6<] f?ij 0 o /t6<j 0fi 0 0 yA 0 i»J 0 # (il f-n iJt B m )B 6<j ft w tif fill hU 0.0. 

ftii0i|jt^fiF.7«S0^g6<Jll0t0fA,)A0 rfit A A^,‘LifH-ft0l'H]6<jA0 Anm 3.3 


--• %v, 


Nm&fHlA4^l!l^2t( a3.360v tt) A^Tft Ay'tVaf’ii:6m AipMfi*iM'0.^0 l‘•'^fftt!^ft.^^^■0o. 

^KipJeJiAo tbf^'J't 2 0%^J^f7j|0Attpi^ltlt( affine linear function ) r = m.v+/)„ |ll|tl3.3 •'] 

'A), 0 0 sij m ff5 6<j K Jst ra. fta ■ i • f= 4 ^- ip^ ^ laii a f h a 'Pm fi-i v. inj 'Pm iti ; 11 m fif D'J- . i)t m b 

Vi y=mx+h 6<jA 3 AliMU=0-ipMfto A /> = o 0>l-,0f/j0^At0Ai^^aA HP A)ki!0y - 

■t) o riAfitAwij'S0iiJ:7f0( m) 6<jt;>; ;i.ij—^ 140 Ji , iiAfiAf Ji A, ))10 ’)YB , hA .^iia 'i? tt'f n^j 
A^-0 Il7?tliliiiff 6<j #|J0 Jfii R^iiaii ) i0fri ;>,4 A; |I^] 00 Ah A - 0 0 

knees)„ 0 it, - PR/tA%I0S 6^J 00P A I-. it (^00 A fl't. K ifuA'J .t. j' I'. .Ul 0 ) k ai'.'lfS itj 

MATI.AIf* jl:f,'if|<j0.g:,.^|5/,). 
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theSign = sign(x); % retain sign of waveform 
X = abs(x); % get absolute value of x 
for i=l:length(x) 

if x(i) > threshold 
7o compress 

y(i) = (slope*x(i) + intercept)*theSign(i); 

else 

“/o do not compress 
y(i) = x(i)*theSign(i); 

end 

end 

f^55 3.i 


release time) o 




«M'Tt vff ^a ^ ^ M 4 ft/h m * # JiC # A 


4SmJ7rtMEii)a:j^TOJ cd O'jmiisnii yj -oiajPv?a/tg. zr 7i:. 

ig3.4m3^7M0tisT.M0^iai^BSig6^ 
>{., |H] I'h] 



\\mMm-\\fi^i\'r ®KiPm” ( hanl-nmiiing) ,#Si(jMijEiu;ll{^-^( (l0iiat^;^fJ^iiMl) 7iSUi.5i 





' 7 ; - - ll itm u ^f<J I'jii 'k i'i / 1 -;miifiitif u r ^fiii ff^ k /)Jt o ifn'ut iM r fw rm it.'v ri<j t; fi-; 

ffj\Wn , m = () ll't Y = mx +l> 'iStht^ 




, k ^ ^'0 1 fi^j ± 1>^: w) /!■ J '■ 7: If 1 fi^j /'V: i i i ¥; fi- 4^ M „ x.j- x- k I'i iR-, 1 1 1 r- I'ii ^ni a ix 41= k 

if'i i"'- 1 i‘jiJ '(lli ^ /*■■ 4i M ^1' 1 'fWii, AA Ifi) "I i)i tlf Bli 11 R lil; ^'J / * •' h o X«J' x J \i US , iA ^1' filj ?i;!t 
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W tiT. -15 ^ ^ ^ , ^'IJ ^ PI iu.+, in ^ 6'J ^J] V*a m Ifii r± M f«T ^ S^ ^ Im f h fm # 

feo ^f^ Jit ,Rifni*'-^^H fei)"JffjiJ553=- 



expander) o (Mtl'ji''^M^N ,'Llilil?^ 


nmo r^ti&'jipMmitiHtt^^iini?! 3.5 Pif/Ko 



^&mmmin,y=mx + 6a^f4^ini'^(t/i5^Tr^fl:o ^y=.vB5,'?swrii.ii[t5fB-^^ 

gate) 

s<jxf^iiJi-^r n o '^inzm wx n;> it x, x-t xn, ft^ x n ii (sfi'jit a ipm ft: 

PIX 0,MRfe1 XI®Xnpg 1^fte<j$iiAIMfio fflS#Bi#nittT“PIHi". R m X. Ill®’• A 


0 Z-< 


n ftj'If /ft T ^ f g )ap^ px lit 05ii amisM tt m. n ftk ^ # m ^ m a a s h x. tit m a 1 1; x. 

[R 05 Fix X fa X ± hh ^ fR ^, S ® X ^ fg nl M M xft ik m i'J A # 55 A X' /a m o Ifl] fin X HI X m 
# f X 55 'X A A lie R 5kii X i$ Hi X ftj ff ^ 65 ft R--Bfi X p^ # X R HI pHc n H 65 X' # „ 


3.4 5iwt6fnjtA 

XPHnijRW€^AJgt'i5HL6505fi,X^i]RHft-i!lHtIii:(XtiaA-.ft5H5t A(li Xli'XX 

#50WHLiaX65SifePtAffiA^IXXA'IftA^o K'H—f>l'i:65AR;5')A“ 1^5'Xl'fefmt 

At;” (tape saturation) o I^X-ilkift,li'Xitl50® A t:^-|'l'-X'fH5ll$4flii[65ll^m^^^^ A A A t /bft 

ftPi^f^^X$5i(Afttr)tXl^fn-&'S65ta5tit5JX/L65;lRffiifirA1^65o -f'PRmtniLlX'XX 

65“i^^”iil;fTAXft*dR5jftJiRX-51ftXiirHTX55iFn5ilHAR«lj,^Hk finX. i iV65ftJXA 

X,fHR^5AAAX5^AAt-jfi)R5™AftXit5T)kHFiAP351XAXX 

i^m i^l' A M M X X ^ If X X A- 5< 7iiv 65 „ 13= lg 51: ift A fi l m fi'j PX111 T f'li) IJ ta it m iff A' X 

ii A Ifni? A 65 A I'i #;il?HL65 A A A R., fi lilc'?- fXftllt A \'\- Af.ftikia ft .ft kP fii R R. t^iijij I'ltj 

A, X ill;'—X /k. 'b’ xi' I'if # X 65 M ik i(k A fa i'i fi'i iiij 11 i' .ft il X ft) I j .ft kp iif 'k o ifi i ft 'il?—lik" x ^ ft 5t> 







3.5 


3.5.1 

* ffnffl i5 it ii ^1 

p(il\iK»niia "t ol the 1st kind) M “ 

3.io 


~ff 'fk ^W> —( Chebychev 
Close Encounters of the 3"' Kind) o 


/Y \ * _i_ /V - 2 , 

J(x) - a,v • + Oa-i ' ^ + 


+ ttj • X CIq 


(3.1) 


A“ ^li^A.iE ” ( spectral matching) Ao Alffi) 

A., /f+1 AtM, ktjlEAtio 


A^i(^) = 2 • -r • AXai) - A-i(^) 


(3.2) 


A ^E S ;M M ^ (5f't j] n M ^ , M oI it S A iH ^ A ^ n A ® , 3* 'E hK A T - # ii tt 

W.BPA—AlEA^^fiAhic—ATSifi^ 

151A o 


cos( a +/>) = t‘os( a) ’cosf/;) -sin(a) •sin(/>) 
sin(o +/>) = sin(fl) • cosib) +cos(rt) •sin(/>) 


(3.3) 

(3.4) 


A I-.jdi|EA = AA. WTAA.: 


cos( 2 • 0) — cos( 6 + 6) 

= coii{6) • c<)s{6) — sin(0) • sin(0) 

= cos^( 6) - sin^( 6) 

= C,Ofi^(6) - I 1 - cos^(0) 

= 2 • c‘os^( 6) - \ 


(3.5) 


cos( 3 ’ 6) = cos( 6) • cos( 2 • 6) - sin( f^) • sin( 2 * 0) 

= cos( 6) • j 2 • cos^( f>) - I 1 - sin( fy) • | 2 • s\n{6) • cos( 6) j 
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= 2 • cos'’( 9) - cos( 6) - 2 ’ sin'(9) • c()s( 9) 

= 2 • cos^( 9) — cos( 9) - 2 • | 1 - (•cts"( j • c-(js( 9) 

= 2 • cos^{9) — c(}s{9) — 2 ’ cus(9) + 2 • l.^ns^(9) 

= 4 • cos'^( 9) - 2 • c«)s( 9) 


(3.6 I 


CO.S (2^9) in cos (3 • 0) , jl];—^J;-TiJ if W-A'j ^ it 
cos(m • 9) m : 



C()s( 0 • 

9) = 1 

(3.7) 


cos( \ • 8) 

= (•()8( 8 ) 

(3.8) 


c‘os( 2 • 8) = 2 

• (•()S‘'( ) - 1 

( 3.9 ' 


(•().s( 3 • = 4 • co< 

^^{8) - 3 • cos( 8) 

(3.10) 


cos(4 ’ 9) = S ' i‘()s^{9) — 8 • cos"(6^) + 1 

(3.11 ) 

ltt0^, ^ x = cos9, 

'7lA^MPI'J^>' 7’,(.v)nT|#A3.12,fir|'A- 



7’,,(.v) = cos(A- • 9) 

(3.12 ) 

kXW\ZSL^X T^ix 

)0j(^it3.7~3.ll,KiJ#: 




7",)( .V) = cos( 0*8)- 1 

(3.13 


T’l (.V) = cos( 1 • 

8) = cos( 8) = X 

(3.14 


7',( .r) = cos( 2 • 

8)^2 • X- - 1 

(3.15 ) 


7’,(.v) = 4 • 

.v^ - 3 • .V 

(3.16 


r,(.r) = 8 • .v' 

- 8 • A- + 1 

( 3.17 ) 


T,{x) = 16 • .v' - 

- 20 • A'^ 4- 5 • A' 

(3.18) 


3.19 . Wjt: 3 .: 


7’,,,(.v) = 2-.vn(.v) -n.,(.v) 


(3.19^ 


iEZf^j\i'x jn^<(ii i-.iJff.iii^^^iiy \.v= 

fli —lii¥iiJii.^^,,'-1:v = cos(6l)n>J-,l7Jlt'^^:^^J';1j:t'/; 7’j,(.v)=c,^ • -rii 

t<mn^ ,o>yu iMiit. kw '-i 

nf m ki 'dk ix , 11 j -a; i,t ivj 4 ijt - 








l'ix)-T,{x) +y7’,(.v) +y7',(.v) + ~T,{x) + y/’^.v) + t^ 7’,(.v) 


(3.20) 
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^ flli f£ foj ^ -^- f'f S'j il!f ?i£ ia t^J tR P*^- i£ o ii I'l' M ^ It , 'S ^ ^ P!/ bJc ^ ^ ^ iiic 

H fefiw iti taW^o 1^10^^ fX fXJ-H ^>iJii Ififfi) A o 


‘f'5! 6'Ji^}'^ 5^fl: (ffX/A T‘ A-) W 




a 




I' 'Jo < 


j: 


(3.21) 


4. DSP 


4.1 

" ( |.anning) - A A A^d: AiS. fMPT±^5|€ g Ai^, 

^ip5ifeAA,¥i^-i^3i5'/iA“^ss^ffl”(panpot ),bp 

“ ” ( panoramic potenliorimeter) (I'jifR^o —• APR^^I%.P&, ^ 


f ij W Hi ii ii ^0 W A^ ± o SE ^ i^’ til g] j(!i 01 f t ^ Ppjit R A fg Sd, tT # it £ ^ M 

0i, A A Ao 

—S SI it ft ^ ^ tA A fg # A PU ^ fill o iS f R A li'j .fx A tt H1 y)} ^—A y?- ,R ft i. o, ii il M 
Ai^ A # M [R A A' iS A, .t [ n ] A M A in R , Jm, [ ^ ] i'P y,„., [ r, ] 5>)]'] £ fK'J Hi A i'J A‘ il P'J ii 

.‘hmR,!)!m: 



(4.1) 


> ["] ,ia„ = 1.0 - .v[/)] 


(4.2) 


ill A [ 11 I -. A "f ):1I ii - r^i f H R T f'i! 1 f 1,4' ii ii A i:p mlt r - A H ^ !>'] IM, BP A i P iTr 'w: iH (i^j Pi 


PP: Vi &'M\i"l ’£ Ji\ jm ^J} M I li A (14 A (to P 'I )i'!ii I ^o\' rtr fl/i ii (i4 A A xi; g- ® Ii (i4 'fi i • i H i, A 

pp^ ):ii (i 4 ;!•■ n- m hiiJL mm 'Pm (14 a a o ¥a 1 -j Ui lii , x>i r a pp , kw a liii! tii (i4 m /n ii ii= a tn 'A ppj , 

!ij h iH A mkm4 m tll- in a 'iiil is a (it 1 P 1 f j j Itli a S AIR A H •■ Mo A i' lii 4^ # 'ik PR- It- ii 


I'ir'E l:fi''Mmnf., "filkin^'J-m Ptl:(i4f-AiRli'Piirn f-ltio f- AIR if-A ii—t ARP: i^i ft, III 
A S- (i4 £-, A i 11 -f A Hi A ii yf'i M iRi (i4 A A Hi. i iS li "'R til (i4 A RP A/ fg 'ii: It i^ ii V A i P x-p H p ?V 
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it ^ ^ '14 W ff-o it /n 6'14 ii ” ( perceptually linear panning 

equation) ?jt4/: 


>' [«] i.f, = v4[nT 


(4.3) 




(4.4) 


® 0/f f IJ 6 'J ¥ f - 3 c 1B, ^ t^ fi 4^ 4 * fi tt 0t, £ ^ if 6 'J % ¥ t0 fJ1 

¥i5£^tS¥fi*04TP$3 (1B,BP^¥20 • log,o(0.7070.707.it 

fi^¥74tift4j0.707,0 0.5 fi¥0.0 f0 1.0 

tH T 6)- PI iiftT o 


a 4.1 




@4.1 


4.2 Mig 


f(0^¥4rfii( difference equation) .ilEifij^( delays) ffl ill ig fractional delays) 
5 7 ^i4i'to 


4.2.1 

¥fU04ii4;S(iil!(i4xi(¥ti,^)iP4ii'j4i400¥”(ec.im) l-.f'i-: 20 \\\Jd so 4-fL i^ii'i'j ff 

:^¥|5Anqi^i((nn|;dn-i^-^-7-5j;^”( ,„„l ^ ]i'i<j¥iIIi m^ti ki^flliftH] 

l*T^ t ^ .\- •« # A * • 


I n], tK —¥ '-)£ i% fi<j ± It iii’M 'rf --Ic 2- ) r 14 . A 'jiil 14' fi^j u il ninK 

i4i'4J*^0;X-J'lft|nl)|C|f,j,-‘-/|:^ l"l)ln>] )llj:l: 4.5 U'}<o 


- 1 -- Aw I M • * 


Ml 
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r['j] = x[n] + 6v • .c[n - A^] 


(4.5) 


A ifi. ^ It M ™ PR $|J, M lx 51 ig ^ 510 ^, f0 ii^ M 

(doubling effect) o ^f^-^-fttin —#o 


iS ^ &() ii ill!, ^ ^ fW ^ AI^ Rt p^ m ^- m m ^ ^ A “ ^ ^ ”( choms effect) o A 


13 






#-5i^PS, : 


y [n] = .t [n] + x[n - g'(n) ] 


(4.6) 


B 


g[n]7^ 


LF0( low frequency oscillator) o 


K|l^f^$i.Af0-^/^A‘iiii$iCll”(flanging)o A 4.6 ^ 

I^PA ~ \o mk:ti ^10 ~ 25*#o 

ii>i^^ 

0^ A—" A“ ( co>Til>-filt(^r>ng) ,'^^Wi 7 $ A i'fe ^ll fR'(S Pl^ ^ 0^ 







Iannis Xenakis) „ 1958 AIaAAH^h 

jr^'r-rbkTmimmmrmm'’)^o ph myxconcrete ph),m 1958 m£ 

• M 0 l^P ( Le Corbusier) 

(bj ^ (d^-(4^^ 5p i A ^ i^’} ( Poetne Electronique ) (l^J —• n|3 kY o ffl3^ ^£ ^3i£ ‘ Ri 4P- M A "] lA tli 

\htfk\^i£'iVXmth\]WJL ■ hi'^^fi Edgard Varse) (bjC^li A^iA» Alit AiA^J^WiAiJii.'ll '|' ,31 fl 

iiii Afi-: A TJ rj 11 ij tix IBj #tm r =4> 'bp o ZYrrixiXM - n -ii- '# wi (i 'j ii- '"'■ 3A)4 r^i a bi-: i -. 

Ht'/g £ I'A(, >FP I3] AA^bA (bjm.-^^ iA ff A AJ1\ ®;'lfA3Ai^ 

[A 4H # A, irn FI. A .$: ?;■ (bJ, AM A4^ Atv 33^ (bj B, Itr ;R ?T U A i> M.A £l (bj£' A fli M M, 

U(i 4-iJ £3 A N (bj ft A, A n A ^fP; Ft', A fj- £ ft fn r^*- tt iK' M A JfH: "f w Aj 51^ ^ A ?t A W- t'u'. o 28 A 
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• t##Pnl5^m(Bam- Truax) ^'Jf^T-1^ A'j'Mji)) 

(Riverrun , 1986) 6t) 4' ph -James Joyce 

m} ( Finningan ' s Wake) TM'/Jutl^JfT'/W , ’/L^l'/ffi-^J, -^ ^4^ 

6'JIto AAtiMHT#,## 1^4 ^% fiff{^fflfi^^It^E^# 100~ 2000 

•j- • Trent Reznor) , fl!i6IJ^l4{ ( W'lt/j Tee//? ) f ij 14 T 

4^ tl in A ^ fil] la 15a ft ( harsh ness ) , 4c A f A 41 fft ffc (lo w -fi) ^ 5^ ||J jg 5A $ic ^ 0 




[ l] Goben, H. F. 1984. Quantifying Music. The Science of Music at the First Stage of the Sei- 
entific Revolution, 1580-1650. Springer. 
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IE S ife 



#4^ii MJ M tit ^ 4^ T/J 4: A-J “ r<Xitr .” ( Euler formula) M if XtiE 64) Wff i4i^O 

^ij h^lW'tii. KPil*J'^))£( frequency modulation synthesis) o fiin ffl 

A m IWii F'l'J M.triil: ft fi'J f1^ t\^ iHl ^ o 


2 . 


W> I -tfhiE?giiJff^fi,i^-^Nf^TitPa:U.i Pif Ini 6 Aft 4^ ft ft # lit- mmjmmJi 


y{ t) = A • sin(2 • tt •/• I + (/)) 


(2.1) 


M-W'ftA 2.1 4>H-trHj'A'fi-n1l6'Jiift)E A A to-rad/see) , Nift 


4f!4\/'(lA‘’6-ftA#itl;(H/.)o 


a» = 2 • TT • / 


( 2 . 2 ) 


A 2.1 ' 14i'J If I ft 11T- lin i44 i& B III M' ft # ft- (PJ It 1, ft # ft- ft / = 0 ill, ft: 5ll m W illi M- l.‘t 

ijlllft.’ft initial plurse), J:ft-'|4l| <f> ftft/J IflfttftlfJ] 6| Jjail||Mj |(l| Iftt 61 lllft 


f‘i!lll''lt>|ll||1lft:” ( instantaneous phase )—'i"], AiliAftllA 2.3 [ <f> ft ft rij H Alfiflll'j l•ftA^k6'J 

(H I) ]' 


W ( / ) = 2 • 7T • / • / + (I) = CO • t + c/> 


(2.3) 


A. 

r 1 


'‘1 Hi a mu ft M 111 iJ III f'/: (/> III; fl |(ji ft If4: ift III f (/. ift. "f li It' 'lif ft 11 -ft fli i^t , fi I (ti i ft Iff- m 

r 6A);!i!ft/ft)ft/iififftii'lA'J / 6Al.ft/ii6Afl)ff;fi'i(l!|ill^|ii|lllf‘y:), Uft ftlVftllft ft^ift A. till 
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M<=m- T=m- 


d@{t) 

dt 


= 2 • TT • / 


(2.4) 


iii t=o m/ p^fH5t 


0( 0 = f 2 • TT • /( T) (It 
■' 0 


(2.5) 


2.6 


/(0 = 


1 </0(O 


TT 


r// 


( 2 . 6 ) 


^^4^, ^04M15551 a ^041'y]^ 4) P41@ {a/. ^^.4^mfilfn P\i 4j W W. 


3. 


S J5. , “ (imaginary number) — ^ 7K 64 ^ ^ ^ 4^ ft 64-KP 4 ^ te M 14 /b 

#,BPa^l((:^f^S5lj,iii'5Tffi(S4icfiJ-4^(i^/h64^^o S4l:,S#l5#.64#-^iJJl^-4ii64. 

't:^<j/^^-^fiftmA^^f^nffn^jifn iu:±i< 

44, f 0 ft 64 14 1 g ip # ifn ft 43c o ♦ ^ ±, ft ^ t5t It a ^ ffl ft JI ffn fej #■ 6 4 ft y£ ft l¥ (ft — 



M □ 


B1 


■i o 


(iP^ 3.1 ^4f7K64—P;r^J^j564Mftftt^64tg(lPj5 3.2; 


2 

a • + /; • :v + c = 0 


(3.n 


— h ± Vh^ — 4 • a • 


a: = 


• a 


(3.2) 


(>=c= 1 ,iJI#?IJ— 3 . 3 ^ 


“ I ± >y — 3 


.V = 


(3.3) 


^^ftdPiC 3.4 64iigl^j?4cnrWM(!ii651564ft ftf1ftiifT45)IJft:i!E5fr3< 
#'?irNgs,Kp)|^. _, io 




lESS 



I = V - 


(3.4) 


(in ^ is m fig if, ± ii - IS if ^p T: 


- 1 ± yi - 4 1 

x = -=- ±i 

2 2 


= -0.5 ±i -0.5 ±il.5 

2 


(3.5) 






c=a+jh mx^o c 





-4-3-2-10 I 2 3 4 


3.1 




a 


0 3.3 


I) = r ‘ co.s( 0) 
a = r • sin( 0) 


(3.6) 

(3.7) 
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6 = arc’lan 


(—] 
V " j 


(3.8) 

(3.9) 


• E^l^(( Leonhard 

f in it ^ K f l!i ^ p‘t'4^-X't lit ill; It i'Jil^o : 


e'” = eosO + js’xnB 

(t r= 1 c-«+/7> fi'Jit 3.11 „ 

e = r • /' 

3.12 flljt 3.13 


(3.10) 


(3.11 ) 


COS^^ = 


,H , -j8 

e -^e 
1 


(3.12) 


e^" - 


s\nO = 


-jti 


2j 


(3.13) 


4. iE?2?i^i)^iti'J4^^(l):i)ll^iM 

ti tr 'itii<j144o ^ fi 11^AttlA ‘jtif^mU 4>M*. 


4.1 

^ 1 f: 47J mxit T m A ylc [771A hU 1: ?it iB 'M ^ if] xjjc #1 ix P i4;- tj iffi t. <(P ^ 'J?: i'lt tj ®. 

(V.O ^vi^}&—'PM1V'^\'\'^ii" ( heatin-) tj tKi.i.. W 





M 


ihiT? .4r? 




XA 




4 • eos/| + .1 • c-os/, = 2 • .‘Icos 


(J\ -./A 


V 




cos 


(J\ +./: 


V 2 


(4.1) 


iliAd.i I']t(ii jwj^iJij^o’^?it#jjiiS4))Lt.-7sitjJ3j(iA1^vtii94^fil AIA I-.. A 
4.1 ¥]rJr mmmr { nnir modulation) 4.2 |V ^ lAi fuj IHfi 0 f lA- •PB[^^|^|UJ7^•d:J!h)j4( ).):/•,-/• 
|~I011/, nJc!ii/jNri7j/iV|f;i Jj!ij/|:ii)f^ l•.^A-'l•:‘•j^P^)l!^, |tl 4.i t^.'ll T B A ft-t-A skiiz.'hii-A )> 
wi]>; 40011/. Ill 40211/ '4i ,. 

lltfl'ijqicffI^I'II JI)- 211/( !/, -/, I ) liljfi^!l;i;iiU;- f j-ii,q;|,ij 14 fiij f.j^j %j 401 1+y- ^ . 
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4.1 (A-fi) / 2= 

uiiiMiE^nmwi^o 

,gP: 


n 


./heating 2 


/, -/2 


= /, -f2 


(4.2) 


f = 400 Hz 
T 


<u I 
-a ‘ 

to 

p 

< -1 


0 0.5 



n 


1.5 


2.5 


/2 = 402 Hz 


./i +/2 


3.5 



X 10' 




IS 4.1 Jfi 1©:/, = 400Hz = 402Hz 



ffl 4.2 
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/. -J 2 


e, = 


e, = 


/, +/2 


9 




2 • A ‘ cos 


= 2- A 


A 


(J. -/A 


7; + 7 ] 

[ 

2 j 

A lir? 

. 2 J 


'1 + e 

,-y«,A 


^e ^^^2 + e 

A 

2 

) 


2 


= 2 • A 


cosB • COS0 
I 2 


J 


[(c"'i +c'^''i) • (p'": +c''''2)] 


2 

A 


-jH 


/«. 




[ Jifi -^0 ) , i(ft -0 ) j _ iiO -ti ) , -j{H +f) ) 1 

[e I 2 + p' I 2+^2 I + ^ I 2 J 


(4.4) 


(4.5) 


Jlltffl 4.5 4^6^ 0, -!g 0,, W\: 


-[M' 

A 

T 

A 


ae +H ) , J{B -fi ) , Jio -a ) , -ue ) 

-r e \ 2 + e 2 1 +e ' 


1 2 


[e^^i + e ^^2 + e ^2 + e ^1 ] 


I 


1 2 


[ (^^^ + e + 6> ) ] 


= /l 


(+ p ^^ ) ( ^ + e ^^2) 

- +- 


(4.6) 





2 2 

= A • cos/j + 4 •.(•os/-> 

it 3.12 4.1 


4.2 

E=) 'M,■})§j/"]ftiy AIV1( Anipliliide modulation) ilnj^lj( ring modulation) 

&<j„ jE m 41^ ff] i!if # m , m ifs ijsj tiiij -4 H' b iwj iitij fii h u inii 7 1'i'j t yij iit 

J^'h i5it( sound dcsgin) f11 M ^itiyiyflM'U'l-'l'i-'J ff 

h ± (i^j ff fe „ 


4.3 


iV/Jilii 


AM) 


v'^j liiV I I^J 'I'Cj't''- V f 


i.r 



kr. I l l 


Mn ^J 


> 

: 


• ;n. . 1 .' 
11 


. o 


||J lii-x<j 7 Xi(1r^ 
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'I IN 

4.12 

1 


>' = ,4„, • cos(/„,) • cos(/.) 

, , i'JIt 


(4.11 ) 


,ll).‘hzp 



500 


1000 

Samples 


1500 


2000 



500 


1000 

Samples 


1500 


2000 



IS 4.4 AM J^=400Hz, /„ =50Hz,A, = A,„ = 1 , /,=44.1 kHz, 


y - 4„, • cos(y;,) • cos(/,„) = .4 


(•<>«(./( +./„,) + -/„,) 




0 


(4.12) 


4.12 4.13 ,n In /, 


>■[«] =4„,cos 


f 



f 

" "l 

2 • 7T • 

/;„ •, 

• cos 

2 • IT • / 

• ^ 

C /' 

V 

./., j 



./., / 


(lP|?I 4.5 ^WI'ii H4 f 


n 


(4.13) 


't', M t iil: ^71'lSJ TjjiJ 114. (iP )i/f M Slj (I'J R 


(U 

’T3 




D, 

£ 

< 


j: 


Frequency 


a> 

^ 0.5.4. 


14 „,-| 

'a. 

E 

< 



Ji -rn ./c .A un Frequency 


f,„ Frequency 


0 4.5 
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A. 

n 


4.4.1 

ffi iis] m W S MIM iisi $|J ^ ijK 4^ ft ^ A fi Ji, -til ^ a T iisjf Ij icv: 

^t'rfW^u, tiific;^ij^Jp 2,048 

8 $i4i^:o 

IHit 4.14 ilfto 


> ['j] = (i„, • x„, [«] • a^ • .T,. [n] 


(4.14) 




5. ]Ewmmm^(2):mm 

PIc I”],'i'll!^ilo]^lJ'^tjic( Irequecy modulation synthesis) .sJcfaJI^I' FM '^h](.^( Chowning 1973) ,t4W 


r(') = 4• sin [2 • TT -A.m.-r • ' + 4,.„„| • sin (2 • tt • / ) ] 


(5.1) 


flimw iisitliij-#, tj^'t^isiiftij (4_i,,|py;.„..), VI AiisitiJ ^A'J 

l'PMA'‘®'t^A)'ffl(/l„„„|fPA .) o .4 „„„| M 7^ A “ il*] flilj ta lit ” ( modulation index) , ||JlAli|j^ijS]$lJ 

(I'jA/h.-A.i.,=o AAii.t:}iij^i^-^.,rfiji:5.i ^5.\ 

4 An n- A ii|i A 'ii A, ”14^- A’ A F i«J A A '1^: M, K 4' g (0 IE -it M ftf'J pFi lit o 


y(') = -4,„„i,., • sin [2 • -IT • < + aH t) ] 

aAO =4, . • sin (2 • TT •/. • /) 


(5.2) 


(5.3) 


fAlliFrlAF.t?A-iJ l:A jt-FiA j'i4J^ii.'ililiy4;)cft444Airtift4jpAT-Allf44i44lHu lllfe 

ij^j;i}ir’(|.hase modulation),, KA,-Ticfi’14^i^rfi:'i4il^A5.1 ZffrVJM¥vWM^WmW\y\^ 

:E 'A fi'J /fi 111 Ei-, > - A A })!• iA f E (i^J .4 A 1 111^. ^li! 4' iV<l ili'J lU 'f f V) M f/( 'il, '4 I'f i 'A 
/i4$ft: '/i't 4! A if fi^ 11' (i^J tv H P-t, fit f F A11 Hli >t!)! llrt A lift 4'f M A', ^ic ft 1 vie A /!•:) '■ > A A ftt' I' "E 3-''j 


lA (I > 
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5.5 nj 5.6, 


= + oc 


y(/)- JAfi) ' cos[{a)^ + p ■ (o^)] t 


(5.6) 


P = 


— X 


y,,(^):^—Bessel function) ,[cos(+/)n;,„) ] ^(16^ 

#J^I!n;„, = 27T/„,(rad) rfi Hz) g$lj, MSI([ p <305^^T 

5.7, in 5.1 o 


JAP) = I 


(- i)‘ 




l>+2k 


J 


A=o A'! (/)+A)! 


it 5.7 filiXuI^/rN-y?: 


y„(i8) = X 


(- 1 ) 


7 y3 ^ 


J 


A=0 A! r(/A + A + 1) 


(5.7) 


(5.8) 




r(p) = ip - 1 )! (5.9) 

m 5.1 FM 




P 


k 

7A 0 ~A S(jSI5c 

JAP) 


P 

i/»J ^’J is ^ 

i±: 

0"= 1 


O'' = (),</> 0 H. r/T-^O 

0! = 

1 




ffii'(Syf , Pl'J^i: 


y(I ) l„=o == JAP) • f'f's [(^^,. + f> • f 


/ O \ 0 + 2A 


( - I) 


I 

A = 0 


P 


V ^ y 


A! (0 + A)! 


cos [ ( + 0 • tu„,) ] / 


X 


(- 1 ) 


I 

A = 0 


A! A! 


(P^ 

2 A - 

[ 2 ) 


1 

• _ 


cos( O), ) / 


(5.10) 


l'.-ct'^i(^l/> = ^i ii'!,}l^fi ift’/fJc <'os(<0,7), irii'/(tyj !>- I ii’J, WiJ/i-4'ti)i('l''!'!4t/,.(i'JWf!i!i]^iJli A 
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T-i 




(t) ±co 

r — m 



f> = I 

r( 0 l,,= I = S 4 (/ 3 )cos [ ( w,. + p • 0J„, ) ] / 

,. = - I 

= 7-1 (^) • C'OS [(w,. - 1 • OJ,J ] t 

+ yo(/^) ' f‘»S [ ( * ^n, ) ] / + 7| (/3) cos [ ( W, + 1 • W,,, ) ] / 


(3.11) 


yi(/3) • c(t.s [ ( a>, + I • a;„,) ] / 


( - 1 ) 


k 




)S 


v2y 


y 

A-! (I + k )! 


ros [ ( a>,, + 1 • a;,,,) ] / 


(3.12 ^ 


jmj„{(3)tYrT>^M^f>,'^f3=omp > o,a- ^ on^j-,ra(/3/2)"^-*=oiffftHy^y(),RW^/S= 

0 K k = 0W^,m 0"= 1 MTj# 0 (to BP»Jifi-ijnl-(yS=0 [i A =0) 

3.1 fnm 

3.2 m^xK. 3.7 I- /, = o /3=2jliJWt(PTH:i^^: 

7 7 ^ -* 

/ 1 \ t . _ 

U J _ y ( - i)‘ • (1)'* _ ^ ( - D* _ A n p ^ 

I ■ I • j t t \ 2 1 1 (3.13) 


I 

A =0 


k\ k\ 


A = 0 


-h 


A! A! 


A = 0 


l)‘ 

(' 1 

— 

{' 1 

)-’ ' 

11J 

11J 


1 ^ 

f 1 ^ 


f ' 1 

V 4 J 

v36y 

-f 

Il37J 





I 1 -> '*1 /:? - 


. ''1y8 = () ll.] ( XP/^lliiJ) Rr)4^!c)i3c/r-f'i;,Pi(l /^^ytJ fl’lfl'jJ'^'lj|L |t| lirA<5'jR'Ki:!i1(n) lll.'Ijr.X^lVjJslljll 

I'-lii'l ,/> fi'i('>1^!tii!P;ni() A;. Ill 2^ 'Kw;^1((I'l 
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« t-. 

r. 

" 1 


= 4 

< 

• cos 

2 • TT -y, • + • !sm 

to 

• 

• 

f,„' , 




_ J s J rn 


Js J 



(5.20) 


5.3 

0 ipk jt 5.16 j± :t f ij i)s] tI'J iM .4 ,„ ^ M bi in 

.4,,,/:^^ , BP ; 


A/ = .4 


m 


(5.21 ) 


WP'J , jiiW U W'-L %' h 'll' ^ sj] p<j )t514t M 1\- ^ ijnJ $ij W. ^'- ./;„ &'J 1^1 ^. 0 


7U 


Aj'm'^o [sijfbjt5.i9'^^/K>j^pT FM 


y{ 0 = /Ir ' f 


2 • TT •/,•/+— • Sin( 2 • TT • /„, • t) 


f 

J m 


(5.22) 


y [n ] = .4^ ' cos 


0 . 


’ f 


A/ . n , 

— + — • sin(2 • TT • / • —) 


(5.23) 


/ • /' '• rfj /• 

s J m J s 

A/( Hz) 5l5#^iJS]T|iiJ^i|iM /1„,, FM W'/iP'Jtl#fPflli#^25l5 31 )]|1 


S 1985 FM 

vx^M^mm T^'jw-&tiit^ mi'r^rmm.o k t*-^mw-. Uc)iS^^ii^jt'j'•t^'i! 

c:m tb.atf fP/n5)'Wl]m'|iti;SfPi)SJy|i-lJ'^l^ 1985),. c-.m Iti: 

^ijit m if p<j# fe ^m , ®^p<j pip>j-1uj ^k^^mxmm Ptitt-yit a3 m 


6. ‘A^iWZkfs 


it t ^is ' I', tj ;i: ii( It) 11 ii-: lit ^} I- tv:) 111'l'j m 7- . it w in inj fii ii,v) iiiij ii<j 1111 j, m f■ t it it 


f- m A ifii n, ill m -Jc & m ^ij ^p ft m ,<,•• fHi r- if i I'J) i j m iii ot; itj hh ! >• t ii.^ -jk ipj t,'i u-,, it: i n rt p.j;- j ■. 

II-- 'ff/ fni M n-: r If I Itij p<j |i!t o >in ti-) IJ i^i U A |m) ii<j it |n] i i.j yT'- U |rf] - i^r A. vit 1 j' ii.y ;fl; p| vt nt "t 

5^ij in i-yi, Ik z iwj 'jt ii-i ifi: [ii ^ ^ iifr yij ii'i !ti)i „ \t 11: fi!i I -. i'pj ■ 11V I'.ii it u 0' 't I'l'j. I n Pt ft 11J in 
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U\ fjK M ft ^ if] # ^ iff h if] ‘jg fif] K W W K ^, f S )it it ffjf ft fTf ^ ft fifi [R] 0t 

ifi^if]-^-*! 20tltf[170 Alvin Lucier) 

H'J jJl fnis ( Still and Moving Lines of Silence in Families of Hyperbolas) fflMI^JSiS 

ft ft [tiJ hM^'J o 12 

m fi iS fs, w it [0] 6 til It 4^ t" ^ m ¥ m pj fi'j fa mm o ft 

fi/f -;t pi'J m ^ fi at, fa m ^ o 


ft'afltfLeon Theremin) ,flii:^—ftMti'A “ ftWf J ( Theremin) fit ^ ^ 0^ Ao @ BU 

umAfmm^sfA — mmm • tpiaft— 

^ Clara Rockmore)o “ ft's ft ^^ft It] 


-f' 

^Eifntt-AnT^o 

4: ft o 4- A ft /£ i5 R t , M il 11^ ^ 61 ^ ft W ft , ‘M ¥ t P M a A 0 H z J p A 7 - S ^ 
>&, '7fittp^ttfiA4ifto wAffi^fit m 7,kw^ 

ff! -ifs ^ ^ A 4 pj Pif $5; II [i;] 0Tt ^ ^ ^ f y 

FM ^htMiAA^gM^htitfitt^feMA'^hti:'a:7-,7ftit^i'7^|5^^$#f/lf^fit 

7- A J5t R t it ^ ii A XA A, t: ^1^ S fiJ T r g iA ^ o ^ ii fi t ht JiJ 7 ft ifi 71: oI W ^ it fl 
ffjffttAfJv^Prfit^'^XijJcfl'Jia“0f” fit^^,[fnALitit7ltJi: — 77^^Aa^a^lf^^fit^5ffi- 
f^?ic fipfctiRtAfiit^itifij 20 ffita 80 ^Tft ji^Rtfit CPU ,tmki\r^^ 

iA# tA A. 7 )if( Thompson Twins) fit7ttW77lfff-fto MW;7,it FM 7«.‘HJI:t BU, AAit 

irf/Ljiff^f-prAAAAfg)(fifAafiif'77ht#io m^- fm ^dihmmt\\m,p-.mik'mmm^-im 

ffr M 7 A ht; 117 A ;(fl; Ft S (h fit -7 a ^^ f( [yii |^ jit A 7 T ft o f^n 7:.' lUM T A a Mill ^ « 
7 FM 7htftAf^'^tl -^fit PC PCM tR2tJ;*’7Itfft A iho 

FM AhtfA Afitfn 7 AT. — • tt'TfJolm Chowning) , ftlit']ft T —-^7 A^fliMr'fit7nn ,'^ 

fA<tliiA))( /Am/rM 980 ~ 1981 ) AffAft^rtfr) ( Tnre/m.s, 1972 ) fP{tiCJi>> (.SVm/, 1977 ) i'lj it 


Un.l 


lenwie 


he ft>tP;*'i'r-A ntpIftAfifftEltf ( IRCAM , Inslitiit de Kecherehe et Coordination A<-ousli(|ue/ 


,Musi(|ue) ;^fl:, Ai^Aff AItfA“20 llJ7ttf^M” ( Perspectives of the 20''' Century) A7^Itffi'Afitf1- 


mio jC-'IC«t35:i'll»fl:—it/AFM FM 7ltft Afit n fif/tlj]^ A fit i't! I'lf ft iVi i, Nllf AA'^f'^h 


r.i. 




/ic777itv.tffi:t4it;f-/;ii]t^fj';tr:fWo (f^^t'iDfit^afAMAitr-mfit, ifiiAA^finAfit .ita- r .c-.- 

j]] FM ftljS^^ttiiifftinf'ilfitfFmio l^tlll fltff IfA tP ftifStAA47'tl]JIIT t'iffe7;li-l] IL ftl»]l]MfF7 
tf m i/A M 7 A ij5] :i,-i] m 7 fit it fit r- : m lii A M: A fi'i 7 7 A'] It o r : in A it A fit 7 7 A'l] It ,1!]) At 
It ffi A1': 'J'J M 7 7'.*fi] It fit l 7 -ife fn ^f m , 111 lit ;'’■''' 7 fit flS Itt Ai! in Rlc 71/il iJil l' (fi 7 7 A'] It fit it 
A i^:f1-: liii; 1'■ M'7- )&L)} T 7.7f)4fA M fi-: i7 ‘k A' iffi fit f'.'i 7J A i |- 7 7 I •.. ifii 11. iili ii ff ft 7 J% f 
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:j^ ^ ^ ^ ^ ^ o«n't' ii nl f IJ ± 'ifp ii i/SJ Hi'J iPM iJ-J ili'J l'J'5 ^ f^'J, |t rp ^ 4^7 % fi 4^ p? 


0 

0 


p”n «f:» ( Mantra ) o i^f1^ p4j M f4 fR ^ i:i^J P^ ^ %1 Jf' 0 M ifilj WL '//^ , W IE 4j m iff'J 

?4t#MljffR ^ ^ ^ fw T' ^ • efl ( John Cage ) W- iip (( /fE ^ tp W\ # » ( prepared 

piano M ^ 6'J 0 f^ Ji 0, ell 'J11^ p° ^ 11H IfH # 6'] IE 4-' S A tl J114 f4 0 lit ^ 4^- 

fe,iimt^«mi:i0<^^)>4’^i'J4^^1^i5aTtl3 4^ijg]fjij(f[iA<;^#jJi?iti^o «$E^K»4’il<JJI^0i)4 
ly m Ji IE ft 6 A f1s r?n ii 14 r4 ^ J^ #; It ^ I h 4 li4 Ifm Er 11 # 5E-a Jlill A, I'i ? I e PE A 

7Hz fSfMlE?^{E^jij[l4115SyfH'^o 1990 in fill A 42 • 24^( David Lyncli) fill % Tift ^Ity li'(( 22.**'^'’ 

(Twin PeaA-5)fil)ffIil:i;^-Alilf]yf^i|iMijS]tygiJf1sf4t4lA4llT2j?iif2y(yt^l:^a^A)^^^ : i^iV- 
pp 4’2E • E 1^24^7^1 Angelo Badalamenti) 4y2HffEy''5flE'j2 {r"^ AilnJllJ—lEt Aftiih'J 


[fiTtE;^^ff!i^4tT • 11^^ (Eddie Dixon ) • ElA(\inie BelDfft#] ,-g jg t 641^ 

iM'If tt A 44 r4 ^ K-4* Elf ^ fl A m o 

[1] Chowning, J. M. 1973. “The Synthesis of Complex Audio Spectra l)v M eel 14s ol Free I ue IK A 
Modulation” , Journal of the Audio Engineering Society, 21(7), 526 - 534. 

[2j Schottstaedt, B. 1977.‘‘The Simulation of Natural Instrument Tones Using Frequency Modu¬ 
lation with a Compex Modulating Wave” , Computer Music Journal 1 (4) , 1977; reprinted in Founda¬ 
tion of Computer Music, C. Roads and J. Strawn ( eds.). MIT Press, 1985. 

[3] Tniax, B. 1978.‘‘Organiztional Techniques for C: M Ratios in Fre(|uency Modulation”. 
Computer Music Journal, 1(4) , 39—45; reprinted in Foundation of Com|)uter M usic, C. Roads and 
J. Strawn (eds.). MIT Press, 1985. 
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LTI( linear lime 

-invarianl system ) njDSP 

\\mmum']mwmmmm'mim--$Ro iisi^ lti 

( .lilTerence e(|ualinns) , ^ 2 ,ViR^ 3 

m-um'i)'irmMut,mm7ESL lti 2 



^ 2^5.1 2.1, 

a. i m 


:x: [ // ] + ;c [ /; - I ] + • • • + .r [ // - L - I ] 
,(»] =---- 


( 2 . 1 ) 





VX I -. |W.J jri:' I', // >J Ts L jji- ■{^ ^ '/li' -'I i: JIJ l'/(J /ii M iJI l -C'- (I'J fl l fic It m WW\ i\X ^iki A ^ tt tf ^, 

■E^jmwixHXio vjkJim^u 

i\mx-jy.^mBjK.P::k}Lr. iHium i-ji'i«jA^'r(i;ii/bif]-^;f/rT-itirr^^ 

;• T ' I! IX rx Xi U fV: i\X if^ .rC ^ it o WXk (/> Jj fV;"I) IJ >1^ flil it if*- f |' 3^: ^('J (l^J Illy A ifi ^i^u 111 fn '^j- .-> 11 ij 

ri<j A.f; K Kiiii-.-jicffiftA r.ft«(i'f!„ ^ l= 2 ji^ a in ■'»)■• i'll .v 

(ill K : 


X 



{» 





0 ^ ^ 9 

m 


(2.3) 
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kUTfy[7j^ii^x[-n] = 0 ): 


r .1 .v[ - I] +,v[- 2] 0 + 0 ^ 

y I - 1J =-:-= —^— = 0 


9 


9 


r.. .r [0] + :v[ - 1] 0 + 0 

r[0] = ^ ^ ^ -^ = ^ = 0 


.Y [ 1 ] + .f [0] 1+0 

V [ 1 ] = - - - . = = 0.5 


9 


, , y[9] + y[8] 9 + 8 

y[9] = ^ ' ' = -= 9.5 


9 


HI01=vl'°l^’l^l ='^=4.5 


9 


9 


, , y[11]+y[10] 0 + 0 

y[ii] = \ =-^ = 0 


(2.4) 




^ 2 i'J ngl b 5Z x>t fi) A ft B«t |«! i^(] ii[^ ii ft T jy sn .' 

X ©^ffg M i2 "ItS W^ X ^ '/i o 


1 


/.- 1 


y [/? ] = — ^ Y [M • n - /f] 

iL/ 


(2.5) 


A- = 0 


Fg i^ of ^, iS ±iX # Kt L = 2 Ht, ®^{fE M = 2 -rfff X ^ 1 , it -W A If A I^'J 5jj X in (IP t 

(lttlt#i5 y[-/?] =0) : 


y[0] = 
y[l] = 
y[2] = 
y[3] = 
y[4] = 


X [0 • 

2] 

+ 

X [0 • 

2 - 

■'] _ 

a[0] 

+ .V 

[-1] 


0 

+ 0 




2 




2 





.r [ 1 

•2] 

+ 

a[1 

• 2 - 

-'] _ 

y[2] 

+ .V 

['] _ 

Y 

+ 

1 




2 




2 



2 


X [2 

• 2] 

+ 

y[2 

. 9 - 

-'] _ 

.A [4] 

+ .\- 

_ 

4 

+ 

3 




9 




2 



1 


A- [3 

•2] 

4- 

y[3 

. 0 . 

■'] _ 

. A [5] 

+ .V 

[41 _ 

s 

-}- 

4 




2 




2 



2 


v [4 

• 2] 

+ 

Y 14 

• 2 - 

All . 

. A 1 8 1 

+ .V 

171 ^ 

8 

+ 

7 


2 2 "* 


= 0 

1.5 

3.5 

4.5 

7.5 







.v[5 • 2] + .v[5 • 2 - 1] ;c[10]+a:[9] 0 + 9 

>' [ 5 J =-=-=-= 4.5 

2 2 2 

.V [6*2]+.V [6-2-1] A:[12]+.r[ll] 0 + 0 

V [6] =---=---= = 0 


(2.6) 

10 t,ffi]i^f5^ij/v/=2 0t^5 to M=\ 

(Italic l m . 


2.1 @^'14 

t, ^ VMi.M3\ , .^ n< 0 BtSWIai ti, BPIi) ifi ^ Oo 
St (causal systems)-« = 0 ii-“ tfeilgff * ##{to -tH 

m 0't MRji^ 0t M 61) A ft 0t, PI'] St ^ W 0 ^ o il li-t, # 

1^^^St( non-causal systems) til^MAW—, BPH) Afn WiS A^StlUfifeW 

[5 2.1 

[?lA0:^^?.^6'Jfi)it, AMfXA n=K 0^|ij^0Wii)A0^.?>I^AW^iitl],TlfIA#S^#>St6^^ 

; fi. W .tAj! M i|^ A ;A ml fic d W ^ .t 7 o 


.v[«] 



®2.i 
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2.2 

non-recursive (lifference equation) . [H j^-Jl^’ 

'?S:WSi^5)'a- > 1 )^[/)-/n] V 5}'fl:,M'S,^il|iJ3o[i)7)--^iNji|iJ-T 


2.7: 


)•[«] =a|> [/i - 1] + </2.^ “ 2] + ••• + UYy[A( - A] + ••• 

+ /y,.v [n] + l)fx[n - 1 ] + 1>2X [/i - 2] + ••• + />^.v [n - L] 


(2.7) 


it; 2.7 2.8: 


K 


1. 


r[«] = “(‘I 


( 2 . 8 ) 


k= I 


A- = 0 


ii Tli) A,Hi lJB ^I'hI ^ ^R't S'J«(i'J nu ?iiii A (i'JHi AA, W A ?n 2 ^'^ i)9 A 

(filter) o 
i/ll|7 


^o 


^^a£mF!^^,S^A±^#AAfS:^SAH1AfH2#-(iAA^u,fnN-5i a iTniSitdA TAR?- 


A 


6R1 ^m A A' A' la HI A M n R 51 r5c ^ A Ji )W m A Fi AA2 HI 1 1 


I j 

itj o 






'/JN 


2/A: 





A fR pi a flli a . a a flli Ai'iifli APHtS lAFiR “. A A PA. APR A affl A . iR T‘M 

\m , k ^ - r s rr a pm a ftii ai ei, a iik . r r j t n m o itii ; i ■, av .& fi- 

AIR fi'J p3 A lA iliti A RM “ ¥ ” (fiat), A- R. M t ft^ # A vj. )i)i ^t> 

A itiij fi f Hi A i:iR ARA, m A A A a tD'iJ PI m A RJ i5P 5>, in ty A (;> Ai it f r A A ft PI t "Rl 

"f In R A /L A /J ^ HR Rj Hi HR, {£ # tl] m T fi T 1 5 t A nR > ip)-. = t 'A T- R" RP \ft'm .R J lj -t- A A 

I) “XR pi m Hi a fik) Itl f U ( a iA ), it- M RR a RR U a PR are .lil' 11; (A 

A*' (PJ ^ t,- jf ^ ^ it Rt. -1AR A-'A; - A IPi HR- fiJ f flli f( J 'A PA R f i' In] iiR iA A id) ii M A idi A 

FPJA, 2fs PAaA f- w -a A iii, ‘Ai( A [ R Rt M $> ftj Si' 111 IK: ”-J P 'A flli I'lr !PJ ‘Ri iRj IR-, it A ;A' Rj A ff I 

R2 VX iR PA HR AnP A, U A in")? RP A lik !£‘>^ ik lA i A Pli flli 


PiAl ti¬ 




lt I'"] HI - JHi A; In] 11 R fiif . Ry:/,.; t|;> |',t, I, _ I'l :j f F: t ti- f A111 A1 1 1; I'Pj J2j fijj fl l A 'R 

;f,AA-fi;ri^--/tiilrdi;:LAtMJPfA5(i]f^^^ il.PR Aitji'if/iiARflliflll' 

AtR-l|,-i|RRARR;|,Aidi/i;y|R AiiRlIRKAtkHRRt'^ \ Xj'k I'C 

i(i to/ Hilt 


— A: RP'RlRfnRR 
iiittti H I'jPifiAiRiL: 


o 
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3.1 

IP!^^S X , ^in“^i$'l4” (linearity) — i^5|5 ^ (line) — 



M ff t03iik %# flT.^ ^® '/^ >£M1-»^'14- W ^^'14 [ scalability, iP 

5^1 ©14 ( homogeneity property)] fH[ superposition , BPrDW ( additive property)]o ^'14 

7’(a*jr[n]) = a*7’(A:[n])=a*j[n] (3.1) 

3.2 fPA 3.3o ((n*SA.?.^l^a^-/i>£#^^^''l4-^^)]P'l4^f4,i)l'Jl^i^.?.^Ji^^'l46^o 

x, [n] = Jt, [n] + X, [«] (3.2) 

T(xj [«] ) = Tix^ [n] + Xj [n] ) = T(x^ [n] ) + 7’(%2 [«] ) (3.3) 

= >'i ["] + r, [n] = >'3 [n] 

, ± i4'I4 © i4 0i! ^ ^ A ® lit ^ ^ I) A iS © W lii A ® Tfe ta ^ (A n W) # -1^ 


iff j A P A ^ ti l 4 ^ o (ff 11: fill * it ^ [W] 01- ^ tlf ij i4 -!tl! $A ±, ^ Ji 5> © 14 ^ 


4^ 


zfe. 


^n txu ^0^41#;4®0'J m fl'Jf4Pt $x,m^ '©e4iJ 


3.2 04^^'I4:04^^^ 

11 -t A 0'J '-i# ii F. 0 >[ S iJi A 0<j ii!( '14 o i4 ii # 0'J 4, fiiy A 4> ffl 0<J 04 W X>t liZ 

0<j 041^14? .'i 1 o 'm ^F A n, W'J 04 A o 

y I [/i] = X| [n ] = a: [n - /.] = y [n - /.] ( 3.4) 

NjIt.(0l4i04IMI)A.v, [//] =x[n-L]t^'±A\'m\\\y, [n] fifKJfA/. 4-)R4A4(0'J04i!E. liPilt 

04fiiy Ml A y [^-/4 , W'l A4 l4|'Jc, n A ,i)4i AfrA44]Ml4iili!iW^4loZ04 lll^4j‘tH|n]0<j 

04 iiB o ii It It I -. \n '!' 04 0114? 4, liPiHit- A t'l A 04 01 % A44 ll.'l 0ll fl!iif ] |n] ll4- Jji M #-1=4^, 4< 

A "I"! iii© 04 iK H--ll|J 04 4i 'iJ: M A ^'1' In '44i1ij A ¥, ^)t 04 04 P') 04 !:F I'F'l o l^l 04 tiHj it tk '4 4fi 

04A''S''404.fA)t|(]:A IM’I 
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i:n ^^,y\fii^—i'^^i^m=F:^y[n] =.v‘ [n] J^T 
m -Aiin AfEp^l:^]^ a, JL# lll ^VX TnJ#tl'JHI^ a, BIn tbl^ W ^ 


T{ a • .V [// ] ) = a' ’ ['' ] = «■ ' y [n ] 
a • 7’( .r [/; ] ) = a • .v‘ [«] - a • > [/; ] 


(3.5) 

(3.6) 


MB,^3.5 fn^3.6 ani 

lUft ASflli—v a = 2R x [«] =6. P'lJ^ 2 • 6= 12,M 

12^=i44( n\\wmmAmmfi\\Kmit^Rxt>V) , ifnMRwmmxmmixim ^« 

2 ■ (6-)=72o Xt 

A-'j [/?] =.t| [/j] +.V2 [«] , HI 7’(.V| [/?] +.V2[/)]) ^^'T'Vil/i] +>•,["]( 3.3 ) "] 

imi-^mm^fjwRRh'iALo KiJji:3.7/ix^Tjt3.8— wi^nmT-RmBmm2 - .v, [;/] • 

-tj [n] o , mRARmmo 


T’C-v, [«] ) = T{x^ [«] + .v, [/)] ) = (.V| [n] + .V, [??] )' 

= .ty [n] + 2 • .V| [/?] • .Vj [n] + .v; [/)] 

Vj [n] = v, [/(] + r, ['*] = -' i ["] + ["] 


(3.7) 


(3.8) 


jt^f,^l:l:$^iu AfflIiHiaiSo S-MJMA3.9 fn 3.10 

R\i\^mxtmmmMA^mt{ non-Ln .sys¬ 
tem ) o 


>1 [n] = v, [n] = .V' [n - L] 
r [/! - /..] = .v‘ [/) - L] 

v[/(] =x[n/M] 


(3.0 

(3.10 


(3.11) 


Mt^T5|5x.j-fi>t;f^fl-:(i<jiir.njj 3.12 ^nii: 3.13 

^ ^tFI^, W'J BPW t f^^'J ^^ P^s I: U ft-: R A '$: tic , 


7 i [n] = .V| [/(] = .V [n/M - L] 
y[n - L] = .v[(;/ - L)/M] 


(3.12) 

(3.13) 



Pi 




t LTI |'l<J Jj nf A: m A i?:- ff ^fi iVf ABi rt'J R 2ij 'I'- J3j mXk 111- 




^ LTI 4^ I//, I'pjt ri-,. 


3.3 LTI 

, li'ij JI:LH-J f'lLfl'h-: fii"f IJiiflo'i'jl.'iO'Ii', .'d x«J j• iHli';-• (= '.j- R j'li lA- R'B -fi ‘ill- 
rPjJL|:/rA^li(|).]S7l15?(^^>i;:|4Liii(/-^ :„ul .AMu,ur,) i'|:jJi({i!,'} 

U-^f!cn:fllii>H^'fi:n:. ^"f Wifi- A R I• >li A'IRiH ‘Tm'Pj T fWt,- R j^l'iiOil Al'i'j. HI 
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m 3.3 LTi mu 


4. 


fi IPs WW'}^sm^PrP^^±'^ ti'l, ffn W 04 ^ ffl #t ^ i IJc ti—T, # # t: ^ ?7 rS , bJc # K ^ 

IRttWfi, X i4c # >1 Ji flli ^ tS ^ H 64 — f!P 4>o ii E Ji — # “ IMc i^J n[&] r^ ” (impulse 

response) — i\\±.j^Mmmm'-\k’PMim 

mm jiiu-rm'^z)n 

&^n\imMm^stit^ti!\\ii'r'MB]’’ ( poking) aimpulse) ,fiEM' 

( unil impulse) ijJc <5 l^|^((lella funetion) ,'j^fl Dn 64^'[^:;^|uJ—^AJli'^Jlfl’, EM'6'J0'J U 4c 

I4^M( 04ii) JMfi^iXPgr^R ttlfpM) ,K0i4MiMIHIJ14>^T i o 4F.il 

'4Rii-^iijr-4'4f-4Fo ]m'mpsLimt4.\ mmp\\miP¥ns )i^^iwAi^Aj'y!-i4ii/f:M'iiF)g{[ 

Ifih "I M'ni"]FV:o 


X [ // ] = 5 [ /) ] 


(4.1) 
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4.2fql?l 4.1o 



2 3 4 

Samples 

a 4.1 


8[n] = 


I , n = 0 

0. lifik 


(4.2) 




I. 


3 [«] = X 


(4.3) 


/ = () 


Mx[n] =6[n] 43 nj 


4.4o 


i 


v[«] = X ~ /] 


(4.4) 


/ = () 




y[0] = •5[0-/] 


/ = () 

b„ -8[0] + 


+ I), • 8 [0 - L] 


(4.5) 


= I • />„ + 0 + ••• + 0 = /> 


0 


y [ I ] = X />, • ^ [ I - I] =h„'8[ - I ] + />, • ^ [01 + ••• + h, ■8[ \ - I] 


/ = 0 


(4.(3) 


— () + 1 “ I)\ + ••• +()=/; 
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V [/^] = ^ bjS [1 - L] = b^^ • 5 [ - L] + ••• + bi_y • 5 [ 1 ] +6, '5 [0] 


/ = o 


(4.7) 


— 0 + ‘'- + 0+ 1 ‘ bj — b^ 




.x:[n] =8[n] 
y[n] = h[n] 


FIiA 4.6 ?n4.7 [n] (!PTA;4.10 o 


h [n] = 


DI'J ^ W $ii Hj $ii A^ ^ ^ ^ 6ic: 


, n = 0---L 

0, Sftk 


X [n] = 5 [n] —► y [«] = h[n] 


A 4.3 


(4.8) 

(4.9) 


(4.10) 


(4.11) 


/j [«] = ^ bf. ' S[n - 1] = X /i/t * 5[n - /] 


1 = 0 


1 = 0 


(4.12) 


W ± 111 A W M /A u4) M ni^ l^Z 6^ m ^ , M SII 5 A A iil ^ # IR (convolution) A 

, illRTIR1$#iilfl7]cl4^ni^jr2o IRJ(iPitfej^fslM 

( Hi—lA) 

W'lAfl7lciff( \W'\Wi^ = ^'$-P) r^),M 

i't' n[n] clz o ^ ^ 1± :t 6<3 r; f^ gy fiij ^ fH] (A ^ [^ -1" ^ l'^ l^l fi *) Jn ^ ilk IS 

- A ± ^ A J1IR a 14 B I'l, ffl i I: lA IS hi i lk 11 li ^ 14 Ikl iil iP Ikl kl "[li] C(Z it ^ ^ f = -^ 

(d: 11'1 Ad Hill IP 


4.1 w PS P7lc R[S] lilz ( FIR) ^ ^ PSE/4> P[SlIS ( HR) 

IT PS |ilAPS)l/Ki''l'n['iJ/jk;^^( finite and infinite impulse system) KP FIR I'P HR 

m\\mm\mm'']^'Mo o AdiAisji'jm'fAjt 

It A FIR tilto ill—lBl:5il>All "riP: 


/. 


> ["] = ^ J ■*■ ~ h] 


(4.I3) 


A = I 


A = () 


At a Pt I ■ A (id H id! H lil; y [ /; -A ] , PPi Ij: 


I. 


y [«] = X [" “ ^'l 


A = () 


(4.I4) 
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fir ^Jjtd'Jfl/KH^BrnlJ^zi'ri^Jjt 4.15 ^/T; 
/. 

ii [«] = X [" ~ 

A =0 


(4.15 ) 




Mfi.+. ^ti 0 sjc^-1ti (H, tl % 0 69lit, it ti \m it 
r[ • ]ffl/a • ]ftA,.t[ • ]ffl5[ • ]itA,\\^-mm6^JJn^i\^mt\\\t hr mtmmm^:i 
t.nt^4A6 fjfti: 


A 


It ["] = X nji [" - + X ''^A^t" - 


(4.16) 


A = I 


A = () 


HR ^JtmWinj±^^r“^'M" i'K^u^ state) ,lit 

^iillR wit A blow up)- 

fr#tiE;iliI HR .?.^:irWStA^l:ifiit469,FlR ^MWVi^kMo 

4.2 HR ^At 

A, "p ,^hfe^ifij'it?5 £tsm njtu^w 


TO ^ tl f n M ^ ^ )m5 #, ® M m'/^ £ 69 a ^ H ^ A ¥ 


i5TO HR : 


>'[/!] = .r [ Ai ] + a • j [ A( - I ] 


WlJW: 


(4.I7) 


^^TTO±j^f.^69fl;]c)4iB[(^)[S,tg^g—A5>tffl A [ • ] fn 5 [ • ] f\: A. 


.r [n] = 5[/(] 

y [ Ai ] = A [ At ] 

m^4M i'^ 69 m 'i'\^mrmr: 

h [n] = 6 [;/] + r/ • h [n - I ] 

^^=Fm^^.it( ^.itt^mitL) Mti 


A [ A( ] = 0 , AA < 0 


m ll/}c )||' ll|nl rt ^Ij 69 ililii; H trt ^ fj: 


A [0] =(5[()] + f/ • A [ - 1 ] = 1 + 0 = 1 
A f 1 ] = <5 [ 1 ] + AA • A [0] = 0 + aa • 1 = AA 


(4.18) 

(4.19) 


(4.20) 


(4.21) 
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/![2]—5[2] + a'/i[l]=0 + a*a=a^ 


/( [A ] = 5 [A'] + a • h [k - 1 ] = a* 


(4.22) 


a\ > 1 a 1 0^ , ^ ^ fit) $ii tij IpS ft (!n ^ PS §y ife is ^ o 

^\a\ < l«l > 1 H^i^IIR .?J^^ll^fitimHft^J^4.22 

'Sfi^a*{io gpi«l > 1 0^,Pi*A'{tfi^i^±,l«‘lfit){itili^;^_E.*^o 

ffi) FIR 

sy ff-ih I fi^ o fiF. fi<j ^ 4 . i o 

^ 4.1 FIR HR ^l^3J4fck 




JiftftfttIftftAft.? 


FIR 

ft 



HR 


ft 

ft 


5. # 


/N 


^py^if4fflW^“#FS” ( convolution) 

[ .t: o (I p ^ 4 ft )fF a iiJ fi J p ft d ^ ^ fi^ E a B(^ M ^ 5ip 31 'E fit) M ^ a, ^ il ft # FR 


I i ‘t ^fift IhI A ft ft ft fl/K a 0t ft ft fi^ i;1c a Dpi] ft ^P T F/f ft: 

^ ^ yields ^ ^ 

5 [ Ai ]-► h [ Az ] 

x-tft LTI ftftft,ftftiI3Sfi<J§ ftili(y#ftft'ftfta3Sfi<])];fcftn|3yftftPft 5.2: 

yields 

5 [a? - AA?] ^-► ll [a? - AAa] 

m m ft 'm , ft- f'iftw A ft ^'ij ft jyy 'iff ft fi f-p a e fit) # ft ^ ft, sy ft: 




A 7 I = + « 


a: 


[ A? ] = X) 1 • 5 [ A? - AAA ] 


/M = - 00 


f I. ^ n = [|.t, A 5 . 3 fi<J x[n] Ff ft , S'J At ft 1 Tl ft ^ ft A iticft 


yields 


X 


[An ] - 5 [n - AAi ] - *• X [m ] • h [n - m ] 


t4iniliAft.'l'i:i<J"rjJiifl;"rt3i A-JA 5.4 fi<jiW]iifttii3(fA5.5: 


/n = + 00 


^ X [ AAi ] • 5 [ A/ - AAA ] 


yields 

-► 


til = 4 oc 


^ ;t [ A?) ] • /j [ AA - AAA ] 


ni = - 'X, 


III = - 00 


(5.1) 


(5.2) 


(5.3) 


(5.4) 


(5.5) 
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5.5 i\'^]t^nl^=f y [«] , PI']#^^K6'J-fe^S£ SL^kn^ 5.6 jt 

't'M-§-( * )^mR^wn-^,¥fmAx vxh i^jit Jpfltji^/f 



HI = + X 


y [ H ] = .V [ /I ] * /i [ /I ] = ^ X [ m ] • /; [ fi - m ] 


(5.6) 


HI = - X 


£ ^IR’/^n(uj|^” ( convolution-based reveii)) o ((II1^'^fill J 

M)HlEi^f)'Ki'Rnr»J/j5Z( tJIJpliilt'tP'l-giJff (irtM 0 IMffiPtP'jR^#) 

(close-mike) A)-Tfifii'^l!i) A'I#!']-©-11^"R-" 

(diT)&llA^()^l'^^Sf«]J"Lf-'SWja)AfRn|ii](i(j;a^-)„ M/iRonijA 5.6 x-ti^ AfH-v-( At"' f ffi 

^x[ • ]-^Ai(^i)'JlI'Ki+ni^>]G^/([ • ] M;. iTi] 

»$hAr4tffMiisfi'jR^‘#m^ft;AiitA— mxAn'm'] 


B (ft’ Hf^ S M 6^ -1 ^ flli n # ftli ia It # fR, (R I# f'J P Hi I'i A fi 'J A- Afi'^m^XuA fili )iii # d '] 

xk^o 

f^iarmkii^MA:-tmRk=m,xlr,] [n] ABi'MVko 


.v[n] = {1,2,3} 
v[h] = {4,5} 


(5.71 

(5.8) 


4-it 5.6 t dAn = 0• • • 2, PIIJ # IR^i (R y [/R ((P A 5.9, It- R’ .v [0 ] .A hU ^ .v [ 2 ] A ti RR W m Hi . If- 
.X ^ h R>fi(.v Ad<]f({]l) o 


m = 2 

)' [ ^? ] = .V [ /? ] */?[/?] = ^ .V [m] • h [n - m ] 

m = 0 


itbPR, \my^ # IRiii; H d^j m —fjH W 


(5.9) 


y[0] =x[0] • /i [0 - 0] -I- .v[l] • /i [0 - I ] -I- .v[2] • /i [0 - 2] = 1(4) -(-0 + 0 = 4 

|{i/n4i/ljd^(iRA: 


y[l] = 13 

y[2] = 22 

y[3] = 15 
v[4] =0 


(5.10) 


(5.11) 


Atld<j#t^Rilfr-allS#ilsAfi{SAiA, AHi/iAii (\(:++..iava A M.vn.VH* M{t{|{f!i; //f'iii'i^J 

niRT.Mcillo JRtiIRLi/v 

fi'^i, #IRH-W-A gift nRf,IRiltAiliR'^ tAA 



RA|V4af,{)’a;Tli1^t^lRdALt'Ti:'a;-'h(A , )afRdAi:ltMRA-t,H, tiAi'Hli • AMfirA/HiR'iiH 
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W snip- A, #IHfe1) 

j [ f! ] = A- [ /! ] */;[/!]=/![«] *:>;[«] 


(5.12) 


Hiit^i'&ffl ii .V-v h ^SL^w^fn, 


.v[n]=g[7!] *(.t[7i] */j [ 71 ] ) = (g [n] *h[n])*x[n] 


(5.13) 


mnmmmRo 5 . 14 f^jf^.. 


.}■[«] =g[«] * (^^[n] + h[n] ) =g[77] *:»:[77] +g[7i] *h[n] 


(Sj'^''f=-^-(xiS7)'SiJy^ M 7a a7, 5 .15 M/K: 

convolution! = M + N - \ 


(5.14) 


(5.15) 


777 {inT^,f7X7^.7c^AMIE7c^Afi^T^it^T7<7P,f0^P7J^ffl'PtiA-^ 
K77n|^ilG7ft^{iE|Hi“^^7'”(M^T0)ifnS:7('^^7c^^7'7c7Bipio )?7T±3iftPJ#IK 

3+2-\=4,mi^t,p~^nmmy[n]^mmm{n=o,i,2,3) 

BPn7. 


6 . 


far?] 3.2 

A'^T ( command-line-ba-secl) |)7(7M A'P7 [^ JE^7H^ffi 
( GUI^-entricO ipinW Supercollider 7^ Max / MSP 

A M fA M fr^f, f H M A- ^fl- ± A '(9: W & ^ '7(' i)<j fn -1, M f? ^Ifl # ^, 1^ 7^ it ti a ^ H ^7 


o 


A -f^ij^/i',";ift;^rf jjiiii7^,^7ai!EiS7^i5PbrjijtEm^ lti 

it 'mM 6.1 771 6.2 7lir7l 6.3 I’Jt/Tn , "SJA^^A^^77-'7"^lw^ll^^^'?^o 


»• .vf 77- 1 ] 



6.1 


.r[a] 



■> hx[n] 


IS 6.2 ^/'St§(li^iS) 





*-Ai[/;]+.V2[/;] 


6.3 




v[n] = 


v [ /; ] + .t [ /! - 1 ] + .V [ /( - 2 ] 

3 


( 6.1 ) 


Ft^ 6.1 nJ 'm , m a fS f(^i m ^ Ijn m t ^ fi ifi ^n -1 ^ '/i ^ la IS itt. -Ktit If. 

ItFPffl 6.4,fiS’ b^ = b, =b.= \/3o Ifllj': 2.8 TStt^^Mfnf Sit5)-a6^— 

6.5 (S^S^o 





SI6.4 















7. 


'ik f2 ffl f^"- fti Ift IP ^ ffl ^ f£ ^ M is A T. M n|^, M M b|^ ^ 6"j J^ s PI'J ^ ^ T ^;f ^ t'J 0^ Itlc ^t{j pi^ j® 

^ S A S fill g fa] !;]( 


A 5! i'h] ^ fi * 0^ E ;4> Di^ij S, ,ii jil PfMz iife ^ p|^ # it A ^ S 


; 4'P[^ (2 0'J ^ , # fP f M # M it R 4^ I# W JI, ^ S—JL ^ t # W ® M t# 0^ I;1c ?+Bl^ )!S, H ^ iJ: ^ 

P(sj?im^l', SflliMW® 04itliA, W:/4'P(^rAft-^i2^T#4R04, At^if 

09#fe5^|lo —■tit#0tfNm.A{4 • ^44ATravis Scharr) , jlilft AM3E»{i 

I4.A /S Air a /A R 04 ^a m ^ 1114 W m ( Superdome) 4l A ^'J 7 A ft 04 il^lc 4* B[^ I^Z o f fN o°p ^ A 

( 0/ //error a7!(/ Hope ,2001) 

fi4047Mfi1ff:,M^^a[^^ai;xl||*a/j|'H]j;!iaR^itMTfJA04Afno 2005 A,^S-liA^04Mr!T 

rJ4tj-#;A>(ftttA-/iWPij04-A7KA7#4STTAo '^'Aiti^A00'74'JfflW4^.AllP4JiRfnB4PJE 

jtis!(Afi A04“ ” ( soundscape) o 

^ ^1'—7W®0471^;^^ A" ^44( convolution brothers) 04—A4^lA-FpitfefrfO^ 

AS^7'?/c75ff IRCAiVI( Institut de Recherche et Coordination Acoustique / Musique)7fP04 
A^i] • WA4t( Miller Puckette) 744$ * ^iJf^CCort Lippe)frij^^ • ^4$A(Zack Settel) IE o 
#i ^ A7/f ^, fill fn 7 f7 7 ® ffl S 7 # fK 04 x:it A ^ J1 ^ii ® T y$ fliij 41 W7il ^ A 

.S il 04 -A B, iW A xit M o Pi, ^ 04 


‘S' m 

/ti 


14 A 04 fi ^ ^ A! A -fA$ A A ml, it-t 04 - 7 4^ VL 

k:^<% • 'Pl4R;4$M;^fR7:RAy7t7T04it^4/LMax / MSP A Pd(pure data)04^'Jja 


MIDI 




1. ^1 


A. 



6 ^>1^(11^“ ( frequency response) A 

it) -M ii ^ n|S] J[S fp Ji fP[^ GI, lit fIj 4^, ^ A # Ji—A ^, liu A :t ^ it Ipg (S 

( Bode diagram) Ai^ffr#^^¥A^04ftHbo 

HI 1.1 dB mi 


1^4 

m 





K) OJ ^ U4 0^ '•J vO 

o o o o oo o 

00 — 
o o 
o 


NJ — 

o o 

o o 

o 

Fretiucncy 



— — to 

O o 
o o o 

o o o 

o o o 


EM 








^^tefS A 1 ) , ^TJtSfiiA digital frequency )0 2.2 : 


.r [ n ] = e' 


ttn 


d = 0) • T = 2 • t: -f- T 


( 2 . 1 ) 

( 2 . 2 ) 


•v(/)$iAM—'i^Ji,ti3^1^^4’,(lPWTA 2.3 fjf^: 


x{t) = A • cos(a>/ + (f>) 


(2.3) 


A A .v( /) , A ri A ,T a , -^{if AS'VAl¥ ( seconds/sample) 5!c^'( S A-^ 

fiAl^ ) , AB^ 1^iS^ AM®/|ll''( radians/second) , (^ Aid tSfll, AM® 

( radians) ^ 

-t [nT] = A • cos( a; • nT 4>) (2.4) 

A 2.4 2.5,0 

A 2ttA AM®/^# 0 A A d = (oT=2xi -f-T, ^Wtmi^ 2Tr • / • r 

fltii>lM®/A#, 0 A( M®) () (#/A#) = (M®) (i/#) (#/A#Ax) = M®/A#: 


.r [n] = .4 • cos( 6 • n + ()>) 

i^TA^lPPU—^^if,ffl fl/]ci'ff’ /S /i [m] A X [n] iSlT#IR, WOW: 


(2.5) 


m = X 


m = X 


7 [ ^ ] “ ^ /? [ m ] • X [ ;i - /77 ] = ^ /? [ ^^ ] • 


-m) 


m - -oc 


r;j = - X 


= X 


rn = X 




-jOm 


( 2 . 6 ) 


/n = - X 


ni = - X 


= x[n] • //() 

” ( eigenvalue A characteristic value) o 0jfb,'®^I'l“]Afr‘JlEA.^ AA AA 2.7: 


m — X 


//(A) = ^ /i [m] • e 


-jffm 


rri = - X 


//(A) = 


/['ll 

:t [n ] 


(2.7) 


( 2 . 8 ) 


itiA 2.6 ^-P 2.7 ^ 

^IM1 1 ^ n7 n\ , Hi ( A) Ji li; t) A a (I^J it fl^ ( a 2 . S ) „ «iB 2 .9. 11 ^i^^ A A 

;r [n] =/"'li-t,fm.1i >'[«] (iPA 2.l()( !/iA 2.8 ),® A'4AA 2.11 


o 
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A =, V 


k = L 


.}'[«] = “ A] + X Aa' [" ~ A] 


A = 1 


A = 0 


)'[/?] = .V [// ] • H{ • H{ e '^) 


A = A 


A = A 


A = 0 


lH(n-k) 1 

J 


A= I 


j^:2.11 2.12 


//(e'") = 


I 


A=A 


A = 0 




i-i 


A = V 


A = 0 




-/WA 


(2.9) 


( 2 . 10 ) 


( 2.11 ) 


( 2 . 12 ) 


Ft) j'C 2.12 nj ^ f)4 ^ ^ tit fi^ ^ IS, 4^ $i) A 4!){ 4^ L'i A!, fi ift fill Jt It (£: it . l4 iS 111 i t 

IEdP A^?f 4c)5A#, il5!B[(i] liZ m ftl Am^ d']IA1Hi 111 (5 ifn 4f 4^- it 
P4-,iiiiE'Pi{IHilSfAi6^'^fEo @iH:,fPI'^n("]n56<jiPwfi^|[lfilSfiE^ itW- ftABSlC-iii; 

ig#liE^IE&t)l4S^5Ei4IS.?.t^n4,jt 2.12 il<jiM4iiH])>lZ(i9lM(ili'i'''Jij2''J4^/Tl Ait 2.13 


H{/') = M ■ 


;(-)(«) 


(2.13) 




M = \H{e'") 


(2.14) 


ISlAinliliS 0(0) A: 


0(0) = ^//(^^A 


ipmag( //(/') )^ 
V, real( H{e''^)) j 


( 2 . 1 ?) 


[S 1.1 SPJiiii AA 20~20 kHz 1^115!it 2.14 Wlflft 


2.1 //{e"')fi^4#|iE^'M 


AEtAii'tEj'tl-All A 2. i 



'VN o 


^2.1 //((4")P9M 



•frn'jj: 

IJlIWfl-: 

27T 

HTtII-: 

'pMi(i'i.n|;.);^:'A;fi'J.lpki|1c, 

lll('/:ii|n)n;/;4.TAi-iili( 


2 . 1.1 



^ 1 .3|ilE4< W 'AlEf.i 'Ai^jMiV.’jH ii-'t" 1>i.i; 

4v/i«i IEIt-./;„„,</;/ 2 iM-,^AHi!l;H4A'/l4^. J'4^^l4fltllAliiJH)!4MiyHi!4A;>h^ }r■|''■• 

HiAAAi^o xAT-/fi4!i!44fii H ,/;/ 2 III AT Eat 2.19 Ti'i'J tt. 11 o | • ' r 4ii! T 0 I’i'j'T' E/.-iifl'.'IME'l 









6 = (0‘T = 2- 'n-f’T = 2 


7T 


/ 

y; 


(2.16) 


f /< 

0 = 2-TT-^^f=0 


fs 


2 • TT 


(2.17) 


fh ^ s ji^p , 1 ^ Eti st 2 . i s An py mpi -. 


o^/< 




(2.18) 


My 


4fit;2.18 2.17 

it 2.19 .H/n i^ft APit 2.20o 


0 ^ d 


L fs 


< 


TT 


(2.19) 


0 ^ 6 < n 


( 2 . 20 ) 


W T W M It ^ ^ fi P<J ^ # PM t|iJ ® 4^ W flA T He fn M ^ ilil ^ ^ ^ «l^ AS o ^ it - ^ S 

im^wmmfm^'j'\mf/ 2 ^Tffi tt 

2 . 1 ,^ dc 

i';fL"7ii:(o 'mMm$mi£m\mmri'^-o dc ±11 t.n,7sm‘]!kn^^m^o 

I//I i5i 7T ±(j) Sf^^^Ml^'i^j^Ji/iyi^J^tSPilPAo tt In ,Ap tt 


U^ (it-<A) /^(HAPI^ 1 $4.2.1 p 


.sriA/r-' 
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|//(/-^-^>) 1 = |/y(e'<’'-<^>) I 


( 2 . 21 ) 


^ 0 = TT-(|),FtlJ®^n|SlJ55^^<j^ 2.7) -Jf(!f?,!)IlJ W : 


m = oc 


H(e^) I,..-* = 


2. L /ilml-f 

I 0 = TT-tp 


— iHm 


ni = - X 


tn = X 


= ^ h[ni] ' * 


( 2 . 22 ) 


m = - X 


m = X 




m ^ i4) * ni 


rn = -oc 


Ft) e"' = vosd+jsme , >H h 

5>MliI(itI^^o (fnr^^T (tt 0)o i(ii^?g(5>MpliJ^')3llT“tei^iKf” 

(polarity function) m m , (IPT: 


-jrt • m _ 


= cos( IT • /n) -ysin( tt • m) = cos( tt ’ ni) - 0 = ( - I) 


P!lj5^2.22 


(2.23) 


rn - X 




m = - X 


m = X 


= ^ h [m] • i - 


m = - X 


,^d = -n +(^>,W: 


j(t>'m 


[cos( (j) ‘ m) + jsin(cl) ' tr}) ] 


(2.24) 


m = X 


Hie' 


t( TT+(/) ) 


..... = I Mm] •f‘'‘"‘"' 


m = - X 


m = X 




m - - X 


m = X 


= X [m] • ( - 1)'" • 


ni - - X 


m - X 


“ Xt “ n ”* • [ COS {(}) • m) - js\n{ 4) • rn) ] 


m ~ ~ X 


(2.25) 


flii2.24 ffl 2.25 l^'^.^f1l|n]p;j, 

a+jb MUM 7/[c''"'*’ ] -4 ] |']<J )(; (ill 


/IJ = X 


// ] - ^ // [^^? ] • ( “ I )"' • [c()s( 4> • rn) + /si!i( 4> • rn) ] 


ni = - X 


nt = X 


- X ['''] ‘ ( ~ O'" ‘ co.s(c/> • ///) 


( 2 . 20 ) 


til = - X 


ni = X 


+ y X 1 ' ( ~ ' ^"' ■ •'^i''(</> • //)) = o + Jb 


ni = - X 


(2.27) 


a - cos ((f> ' m) 


ni = - X 


m - X 


h - sin( (/) • m) 


m - - X 




m - X 


//[e'*"**' ] - ^ /i [m] • ( - 1)'" • [cos(</) • m) + jsin(<f) • m) ] 


m - - X 


m - X 


- cos((t> • m) 


m = - X 


m - X 


- j sin( • m) = a - jb 


ni = - X 


S , it S ^ ^ a Is {S ^ ffl ^ ^ fp T :^r 3^ it #, $ P jS: 2.2 9: 


H = 


+ ffit 


TT-(^ ^P TT+<^),S/‘^^P|^J[^^lllg{j|;D(^J[^ijP“|^ . 


(2.28) 


(2.29) 


1^ !//[/’'-*)] |=vV+T 


(2.30) 


iaittytt"II{Sl//(e'*') 1,6>=TT-<f) fp 0 = TT +(t) 

ii,;Sii -n P^®^(y M^^l^ft^ltMTiEiS^^PlJPlil 2.3 itSft 

$1^4 o 




;Mi^ 


“T* O 



ffi 2.2 
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S 2.3 0—TT—(f> 0—TT^(f) 


2.1.2 

Filial 2.2 mm 2.3 //(e''') 

Slit, 2.31 tIlj1ci,!njJi^^P(^i]lS6tlSSqttt#i£o 


//(e"') = //[e''"^*"’] 


/( fi^klT ) 


(2.31) 


2.31 ■. 


m = ■*■ X 


//[/''^‘•’'>]= /,[,„] . 


7T ) 


rn = - X 


m = + x 




ni = - X 


Slt|E^^^/.i'^^t^^T^l,X•tT/5|fWSi( k,^2.32 2.33 ft]— 

e - v.()s{k • 2 • tt) -ysiii( A‘ • 2 • tt) = 1 -0=1 
plijit 2.32 2.34,[5j0-j A%Sitj]:oI^-tl.Jt 2.31 l]frM.tt6'jSK(j'l£tH)jlc:£ 


(2.32) 


(2.33) 


rn = + * 


ni = + X 


HW 


!{ 0+k’TT) 




- id ‘ m 


ni = - X 


ni = + oc 


m = - oc 


- X ^ 


rri = - 00 


(2.34) 


2.1.3 

ftlffl 2.Mf| 2.2 ftlS 2.3 1 •'A^illi A.] ftj;-(ill'ft 

A 0 fi'jii>J|Vij)r]'y ,,^^:/n-/i-;.v = o( ii>]|ii]Wi) ftfft 

ft I 111] n. X: r .t = 0 ^lll fi'J-j A'J' ftjl, Ifil 1 1: 'jt pKi It Ij!'] it m|' A'] ftjl I' jft ")' /(!; ftfl A .iJi ,li H' fti A-J f^’h:. 


I//(/') |= I//(<-'"') I 


( 2 . 35 ) 


Sil-L hT it! M ffi it 2.35 


in =+ X 




ni = - X 


m = + X 


(2.36) 


= X ' [fos( d ' m) - ;sin( 6 ‘ m)] = c - jd 


m = -X 


= + X 




m 


m - - X 


m = + X 


(2.37) 


- X t'”] ■ [c'Os( 6 • m) + jsin{d • m)] = c + jd 


m = - X 


Sl4i (iOit 2.38 PJfm 


4" a>,c fn (/ 


|//(e''') 1= |//((’•^'") 1= y?T7 

2.2 tan’’(//)=- tan-'(//)„ 


(2.38) 


^//(e'") = tan 


-1 


f+lA 


\ n J 


(2.39) 


/-H{e '^) = tan 


-1 


f-h 


\ 


AHid'^) =- ^H{e-'”) 


y (t j 


-)« 


(2.40) 


(2.41) 


2.2 




=20 . log,„( Hid") ) 


il) 


(2.42) 


km 2.4 pjiz, 

n-\o^+2o, mmMmmmm 

1-] A tf (i<j 'M 4< (cij ji M ^ [)<)— 




e=(oT, w\ 

4v^A 0 DC Kik'jpfAMm- ir ^jilif/3i^#n«A!)IiJ^+;>2T^^IW#Krli'J'^5! 

^^•// 2o 

mrx^i'jjm-xX2A3 hk 

a to 

y [n ] = .r [ n ] + rt • 7 [« - I ] ( 2.43) 

wwixp Jr w A M DAt 2.12 (i<j m 4^ "I-') / '■>/:, H- a fd f'l J i- ^ itz (V j'—A m. a «'j s tuJ w: 
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-15 

X 

10 

a 

.S 5 



^ 20 
S 

§ 0 
“-10 


^ 1^0 
10 


0.5 1 1.5 2 2.5 

Normalized frequency, linear(radians/sample) 



Nomialized frequency, linear(radians/sample) 



Normalized frequency, log(radians/sample) 

2.4 


H{^^) = 


1 ~j^ 

1 - a • e 


(2.44) 


2.45 fn 2.46 l//(e"') I o 


fit. 


1 - rt • e'^ = 1 - a • (COS0 - js'ind) = .4 + jB 


= 1 -O' cos6,B = a • sin0 


//(e"') h 


4 +jB\ 
-jB 
4' - e* 


1 (.-1 -jB) 

(4 +jB) ' (4 - jB) 

= \{C -jD) 1= yc' + D~ 


(2.45) 


(2.46) 


(2.47) 


C = 


V - B 


(2.48) 


D = 


4* - B 


(2.44) 




//(/') = /W/'" 


l-)( (») 


(2.47) 


K-t, 





0 (0) = tan 


-I 


D 

~C 


(2.49) 


Sfit (ft ii?it}^^( low-pass filter), 

S P)f ^ IJ 6 ^J it ?iS ^ ^ it T ^ m o 




@2.5 3 ^ [m] =ar [n]+0.5_y [/j-1] &^i®$P|o)lS 








^mW> 2 ^SLT ©(0),ti 


//(e"*) 





t':npi<ili[; 


o 






0(0) = Z.H{e^") = tan 


f\ 


imag( H{/^) ) 


\ 


p. I'l/ 


(3.1) 

real( ) ) 

m I ^'45 2 tvin^4 tt;2 
(i^j +0 # M, iWi iTf B-«t t0 itL m H't fu] 11 it 6<J ffl fit o 

W3.I )^r^n-sm\]itLmkiBm'^\K%w^itm 

-1 'j{i in , m mi m '. u {t ifs fe 'm }k t ii ^ it , ifn n. it +0 ol prnj ik t Ui ^ ^ it t0 ik m 

A; 0, X-tfn f^n[n]) ft AitW-f/L, BPiWiPeki'H H) i^'fn Ms fill A 
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RWn>l^ . Jimmy Hendrix )';J< illifi _ Hi^iCRid 

Fij T i'^ ^ # m a M i^: , m R- jiii E JH * ji I ii 5=ij i ft a. n , w\ ft x 11 j r- m Hit m. 

iJifefS ft [^ Li o ^ ^ A fi t4 ffi fj'J tn fid li, fn fi fi'J 1' ft fix Ik V fk # )'/f il # fi-j rr 




■# ,^411^ iS R , W iSf @ fR Pl'J iii iS 4^ ® o iffi Flj ft- 51 it tJ fi A m A Hi ifH “ ft M n-f InJ " 


( propagation time) 'SfiA i'titiff)flffil^l'RA.^wRfti Ao 

HI 3.1 M^TtoA'3.2 lW^6HftftiAizit^Jid^AAfMl'i'JilimfSiil'''JiA fPfnftii[liJ/A 


■xt 


T- 






fik ft^ilfift.^-^ 


V [ a ] = v [ /) ] -t- .V [ a - I ] 


(3.2) 


im^kwmim-r4:kummA^?Y&ji^mmx 2( tip .v [2]/2+.v [n-u/D-m x [2] a 

.v-[n-i] 0.5A^f#IiJ—AWR.iiAifJfliPHMA'AfSo fniHuPifit JtfRAiUlHiJPH IIH A 

A fS - ft It -1 ftf; ii fit f/t ^-g P Itr fiH ^ 0] fit fi£ U ^ f Ll il fit fiS T - 






1113.1 SI^6<)il)ifiP|S]J^AfgfiPl5lii!Z 


2.12 3.3 PJf/jx: 


//((^)-l+e^ =1+ cosf^ — ysinf^ 

Ft jt 3.3 nRi-dt^AlfPtIliffP, fiUl^ 3.2 Pif/Ti, FIji^HtttlnjIHA 3.1 ifW-Jl-fnfA/.i'l»]l'''Zo 


(3.3) 


/; 


i^{0) = Ian 


-1 


imag( /y(/^) ) ^ 
real( H{c'^^) ) 

^ - sin^ ^ 

I + cosf^) J 


= tan 


(3.4) 


t'lillA 3.5 4113.6 ri<jJit4^AffiAA,fllfv.iii-'-jii/j'ffiTifl :%jA 3.7 






3.2 


cos(2 • 6) - 2 • c()s“0 - 1 *^ 008 ( 0 ) = 2 • c 


•os 


(e\ 


j 


- \ 


(3.5) 


sin(2 • 6) - 2 • sin0 • cos0^sin(^) = 2 • sin 


• 

f ^ 1 



sin 


• cos 



UJ 


UJ 


(3.6) 


0(0) = tan 


-1 


( - sin0 ^ 


V 


1 + cos0y 


= tan 


_Y - sin( 6/2) • ( 2 • cos( 0/2) ) 


V 


2 • cos"( 0/2) 




J 


(3.7) 


= tan 


_x(- sin( 0/2) ^ 

= tan (tan ( - 0/2) ) = “ 0/2 


V cos (0/2) J 

^^^2.2 ^ d = coT.W\^3J 

0 oj • T 


(3.8) 


(radian distance), 5P “ ( traveled phase)o 1 Hz 

m iitil M #Tm 3.1 (i^jTl?l mM]i>Lmm±,m^ t®f®ffl itl n|t>l Jk M'A'JUK 
w iiini4^ r -. 


ffl® = d/HJf 


180 


(3.9) 


7T 


lit m hk •! ‘it (tj rr fiF., jn- iic - w z m FTr m m h i m m n. #i ik m ik o fk ^ i"i m tn ik "l■'•l k (i9 

tl-:'-llf (iFIl1j , >Jf'i! f 'MMm f fft'l'- FI i fv., F -^i'tit: “ FH \k ilFiH ” ( phase rlelay) o 


3.1 FgfiJIjfi 


, It 1^1 3.1 ^fH^Iij:i/rl/^Fi^3^'/lIIl^F^fe^^'(l'JFIi^'/l^l tlif'ii TM'UWllliM 
i!it;l:.f.^iii'FjFiK'Aii|"j/i>Zo vicf^-1"^F"';^:M'a^djyitidiFld)(iili l-.f-Ft TT/ 2 rFjiF!;^.'//i'( M T I'i'JiF- 
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2 1/4 #) , BPffl^l^^/B'tl '01 ( samples/time) ffn^t@fi^?1II 15 

- iS—( phase (lelay)o ® itb, ^‘t ^ tS 55 ifi , 0 6^lS:T^' 


T,,{d) =- 


0(0) 

0 


(3.10) 


3.2 FIR JPji: 3.11 ?n 

3.3 fJf^: 


0 


tJ 0 ) =- 


0 ( 0 ) 

0 


0 


(3.1I ) 





^|‘fiLP|Dl/S 



tSfiSliS 


0.6 


U 

c. 0.4 

£ 

c5 

^ 0.2 
0 

0 0.2 0.4 0.6 0.8 1 

Nomialized frequency(x n radians/sainplc) 


- 

- 1 - 

- 1 - 1 - 

- 1 - 

- 

_ 1 _ 

_ 1 _ 1 _ 

_ 1 _ 


0 3.3 mity[n]=x[n} +x [/;-!] 


ipivi (H «i;'j ijii.' 1' i?i >.j til f v; Ilf.] )k . TI ?i fj tr^ iiH; i; iVj ti i hi lii; ) 


W FIR Am iJB A m%tH{ • ) // 

1/2 (ip^••gaup.jNifii 

iti.a e , w\ ni kw ii: 3.12 iwlu fT^ m ipj t = 1 //;„ m -r n- -f../; = s k 11 z 

T= 1/8000 = 0.125 r,, =0.(XX) 125/2 = 0.0025'"^ 






1 


t,X^) =Tp{d) • T = Tpid) 


L 


(3.12) 


t0 51 ig ^ S jJC 4) ({i ?lJt) 6^ iE ^1 ^ 1=0 fit 51 jg 

t,X^i^L^f}')&^lE^tm^,ia^3.\3iitit^ Claerbout 1998) „ 


sin{ (ot - (f)) = sin6;( t - t^) 

3.13 3.14,iftl? 3.15 

(Ot - (\) = (o{t - = wt - cot 


(3.13) 


tp - 


4> 


CO 


(3.14) 


(3.15) 


ig^T-^^.^o 


<f) 0( 6) 

tp{co)=+--^rpi0)= - 

(o e 


(3.16) 


3.2 

±3 ^ fir %m 

d'jo cd 

100Hz,64 lOOHz M 600Hz Zm 600Hz,PllJ CD ,^.i^ 

a Ca-Slopea l'lflS!l!'&^±^<IA,ft 20 

80 ^iVMn&'^iZk^iTzm^miPcrfect LiVe)P^AIto MMfMl^^ft 80 ^^AZAi^ltfr • M 

^ ® f IJ ( A ce Freh I ey ) A P^J UK ^ , X 3Z. ®Lil # 7K ¥ If f IJ 71)5 St, fl fill ffl 6A'g fill Off ^ f/5 

f/Lttd'jMIDI lEf^'j^'o 

f5lJ|?>]r^lJlfgfl^-E7 lOOHz 2 #, lOOHz $ 600Hz A5Iig.600Hz W±A' 1 

■n. tf I f i n '0. (X] in A- -iS. 37, 7 J -. (?I A Sc f E ffl fi, A Rl A f N Sc 0. +11 (4. T 1^1 A W ill l?1 0 

(tp , \Hk‘0M\l^%iuin^'0 A T ® fi'J^O HI'A^'W-: +11 f'/-i^J 'M US ( nonlinear plia.se equalizer) 

mIf.' ill -ff. 17 +if Himfumm t- ^>iI r AiAitgi "f mm w P'J n^i o - +ir +n f>>' I'l'i +i--^''■- ■'•'J 
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600 

100 

20 



600 

100 

20 


A 



5 3.4 


H A .fv PA ^ ^ m f], ^ tR Ip f p ^ ii a 



iS” ( g''oup delay) ,W!^iL^ 3.3 fll 3.4 


mmm 





3.3 

iP. I'l-'iJ IM ii't , fj' ii't ^ li.5=i) I iP ii|'''J )P l^l r(Viti!! 1"- ^iili '5$ , )j • m E i'|ij | it fi’i. Jii |^| 3 . 0 , 

]M).45tt 'jllll'iAln] Yf-n -77 -jili 

1!^ , !l!*J'fllf'/3l|'']b''/|llifjc^^ 'i^)j^'l'lJ!4-ll'J.>4i^'il'1'l/A?i\f'h'A/“ fllfo.lzt 11 ( phase' un\Mappiii}i;) 











113.6 

'ttt>;0-L!fll^»]tl^^-J 277(360 /t)o 'Amtm 12 /J^E^-tT}^lJ&l)0^lt,12 t-¥i^ 

'i^,>Ls%ifmi'x 12 ixjmmww^o 


3.4 ?¥MiS 
ill; iS( group 

'j rt/iHI■:l^t m tf 1 \iL P[«)f#ffio iarn-vf^m, tif5 hmm^ 

iS/j5itfIfi^^^tlMAo f^ij^5]EigJi mP itW ttin^ B't 

iWi 

Hi A‘f T 2f; [nj )M 5ii iS lH# it ^ 1^ 6'J1^^ ft o ig lit, - ^ p”« ^ itJ # fi i5: it IS PA 

/i-: S i I- Si ft ft iiS] g^ l1<J ^ US ig 1-# fit Ht, ^ It m ^ <1- JUl't* [n] lit % It fff- iii ig fit m ft tt'lt- o ^t T ^ 

UP5inHt[III). ili^'1'ft^SSi 
rrlAfltiil|ittttt( BlUtft ) fi^jftll(«]( Blauert.Laws 1978) o 

JIti it A i-ff fit 5i!i jg fit A SI A iSjC, fin A 3.17, 'b' Ji S1 fu nfil 1^ A ^ 'P fH fi'J ^ it. P 


T^iO) =- 


d(r){8) 

<18 


(3.17) 


IVIIIf^i'Nt‘/:i5.S.tiAttl-:fPj.i^ 3.18 fit 0 A A/K (fill tiH y [«] - •'^- [«J + 

.7 [n-\] ) JllJtmigASifitBigSf^to 


H{ 8) = a • 8 


(3.18) 


Iff ig - inj nf ^ 1 1 i>l Vt-, IS A 'It 0 It ts f. m f- JS it ig, Ifii it- M ii miW w. IS] Mz fpj ^ 
4<)S/xll*JC-ttttl-t.rfito //( • ) ti-fl'J^ra.'liJllA 3.19 f1l 

rs 3.7(ffi;ftri Claerhoul 1998) , Afl'Ji'P 
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x(t) = CQs(aJ^t) + C0s{c02t) 


(3.19) 


X (/) 



y(t) 


3.7 


3 . 20 ; 


y( /) = cos( (o,/ — (/)i ) + cos{ (Ojt - (f)-,) 


( 3 . 20 ) 


4 4 3.19 3.21 

( envelope multiplying the .signal) J]^ 5 ^^ 1 ^ 5 ^ 3 . 22 o 


[ Cl>j ~ Cl)-, I I 6 l)j + OJ2 

x{t) - 2 * COS - -t • COS - -t 

V 2 J I 2 


(3.21 


j( /) = 2 • cos 


6 l)| ~ ( 1)2 (pi ~ (p'}^ f Cl)-, “I" Cl), (p^ + (p^ 


■t - 


• COS 


■t - 


( 3 . 22 ) 


Ji,* 5 ^ 3 . 23 3.23 3 . 22 ^m 5 >»i 5 ^tgf 55 iig,^fii^j 


?iII/t,M^iiP!ys^7s^3.22 / . 


Cl), - Cl)2 

cos - -t 

2 


(P , (p^ 


Cl>, - Cl)-, 

cos - -(t 




( 3.231 


tl:± it WfPliJ^g-^ 4^ , W h:/T/L t ^-?s: 


Cl), “ Cl)2 (/), “ <P 


Cl), “ Ct>2 ^I ~ ^2 


( 3 . 24 ) 


<l>l - (f>2 


Cl), - Cl)^ 


( 3 . 25 ) 


(p j (p 2 (^1 ^2^ ^ fi 

^ I ~ ^2 


= / 


Cl), - Cl)^ 


( 3 . 26 ) 


( 3 . 27 ) 


[ajJ:b*it 3.27 3 . 28 : 


^1 - Ac/) 
=-= — 

Cl), - Cl), Acl) 


( 3 . 28 ) 


it: 3.28 


^| ^^2 c/c/> 

^ cl), “ o), c/co 


( 3 . 24 ) 




(m 

(Id 


(3.30) 



3.5 tH fs], It- 7 j T Fffi i$ it ®t IK +0 fi ti 0 03 ra nl 7fl, fi P|S] CiZ Ji -14 M 7^ 

,)l[IIJiat0fi5iEigfng|5!Ejg^-|^^ 03#lit)^^ft^ 
M 3.5 7^IRtlI' h] ft,*ft^^it(?PIfl 3.8 

O.45?/II®l)0'ifi<, 





flfiPlDjiSZ 









IS 3.8 ^Pfli)t;J5fg6(liligftP|S)/3!Z.fSfiiPI^/55xfS(ii5jfi-^l3li2ifi 
(1 •. I'^i y-; to! li'i "h') )'V:. -fi 1^1 'M fi I I'V. Ill") ).v;. -: I'^i '^j ti i f '/ • i'' ^' 
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4. z 


± - T? B T ii' % i .Ti ijt !l;5i ^¥- I'l"] />*/: ^I'J )r ?i, IfW ii IS ill iS 4^ M li /j < A'J, ffi fW f tii 

'Sllill” ( z-lrcmsf..rm) o 

ffl ^—It ‘1 ? K-' I' I'l'J—4" Itus £-, IS Jh—I t fS] i'P-. til M- itii 11. ill $-4 % h f'll rt-J *15! n5*J llZ i I 

l^fnFtl z |•^4.2Jl:'l'.v[//]1S■z '£'15114IStiijti 

^ht“‘WM'\ 


X 



> 




A'{-) 


(4.1 J 


+ oc 


Z(.v [/?])= .V(z) = ^.vl//]^" 


(4.2) 


n = - -x. 


Z —(lU A 4.3 fJ\7 ]<, Fl' A“ 41 t^lll’t'li’' (.'^liiriinfi property ) , In / f- IH lil jS I'lvitt 

Af^-^.r [n] z £l5l6’Ji4B|^.litF'JlilltlliiS A /« 


Z (X [;!-/?)]) = .V [/(-//)] ^ " 


(4.3 ) 


/I = - X 


AN. 


k-n-rn —►;? 


l+m, jtftAA4.3,ll: 


+ X 

^ X [n - m] z'" 

/I = - X 


// = A' + rn 


+ X 


X •'■ [^'1 “ 


- ( k-*-m) 


A = - X 


= ^x[A]z'£ 


-fH 


A = - 


(4.4) 


+ X 


-/» 


X •'■ [^1 “ 


-A 


A= - 


a^A4.4 AM5iUAInrirAAz(x[A,]) 5i<j)Fxtl1l|nJ.^yiJRA: ^•£M•^^lJFifj^;; = A• 

jli41A A fij n l1^j£afA15l, A 4.4 nlrlf^RATA: 


.V [ /) - m ] 


.-KW; 


+ X 


-► - 


-in 


\{z) 


Z{x[n - m] )=z "' ^ x[/)]c " =r '"\'(c) 


(4..^1 


(4.(t 1 


n = - X 


£'15lAfl4^I^M( 5i!;iS)lM. i^-'Flt^M:"]TAl.R /, nAhf iSjlFxUlr t^; 
f'J z £15lAliifi'jR'Tl[l(^&1iijfif() Af*iHR(iiA4.5 Iii4.6 1411 iirs ll•.,.i4—fl;!FRti4Aii|(.j 

lA i I- n f] M li'1 Illj "Jg ? m lA- K A tA fil^ lA 5^'J A i4j 11* %. 


4.1 

AISl'i'J z . .ill] .ii' z f ifll ( z-pl;ine ) I'gj " ( pol.O III 

“*^\RRzero) A1'i'iuF?i^ltriAt5!4<^^^^^^^ It K AAIiyiA4.7 ;,V;>//fSi'iij Z 'i'tA, Z £14ii'i:j|M{i'|)L 



Mi A 4.8 4.9 


A = .\' 


A = /. 


V [«] = X "*>■ ~ A] + X AfV [« - A] 


A= I 


A = 0 


x[ri - m] z "' • .V(z) 


>' [ /? - m] —► z 


-rn 


y( ^) 


z 4.10 4.11 : 


A = V 


k = L 


Viz) = Y(z) X «*- * + -''(2) X * 


A= I 


A = A 


A = 0 


A = /. 


n^)(l - X ^0“’*) = ^( 2 ) X 


A= I 


A = 0 


^l-^iU.ii c'if^sg i(-’) /-Y(2) 


n z) 

Xiz) 


k=L 

Ik 

A = 0 


-A 


A = ;V 


1 - X«. 


-A 


A = 1 


(4.7) 

(4.8) 

(4.9) 


(4.10) 


(4.11) 


(4.12) 


2.12 z=^\%^A.n 

2.12(l<jffiji:^^tl1f^: 


Hie^")=Hiz) 


.jO 


(4.13) 




4.2 

i.*iTr-^,^.nTiiij;.i<r^ Hiz) (i<]^7>i-}:M^ArAi<]mmmm — oa^'^aw^ 


(I^JM •'X jit nJtA^ jil{iffj)c J-A] 

trnnjiii^fi 4.1 


Hiz) = 


(z) 

^/)'/-J:(z) 


(4.14) 


^AX'iz) = 0 

"/)■ I'i iz) = 0 


(4.15) 

(4.16) 
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'TD 

3 

*C 

to 

cd 


A > 

k 

/ 

1 

/ 

\ 

/ 

\ 

/ 

\ 

/ 

\ 

/ 

\ 

/ 

\ 

/ 

s 




•N* 

—-► 


"O 

3 

E 

to 

3 




t, 

4 \\\ 


> k 





✓ 

\ 

/ 

\ 

/ 

\ 

/ 

\ 

/ 

\ 

/ 

\ 

/ 

\ 

1 

> 

/ 

/ 

r 

-► 


Frequency 


< > % ^ \ 


Frequency 


a 4.1 

mm -1t*^tJiZ^^#-fi'jtgJl'Jftiil^ll^f H{z)'Wy'^hl Yiz) / 0 0 I^B^' H{z)'^fi-^ 

4>6^£mo H{z) ar^i3ico/A(z)fi90jtmRf//(.-)=o.yjt^ft.iiii'tH^ 


4.3 Z^^fi^^)i'(3):mfilll-^Z^M 

v[/;] =.v [/;] + 

o.5j[«-i] HR z //(-) M-. 


H{z) = 


1 


1 


I - 0.5 


• -T 


1 - 0.5 


-1 


2 - 0.5 


(4.17) 




^ o 


2 - 0.5 = 0 
2 = 0 


(4.18) 
(4.10) 


f(1# M .-S ^7 0.5 , ^ 0 o T 5|<i, *^71 A ^ fi P] & It z ¥ ffi m it '# .>.'a £■ (1IJ f»T 4J 

im^'^mmr.m“zwrz(imzm]4.2, Aii.m.-^A^z'fii ijijn^^^'-x-- aa. 

^*jHr^-^“0”-^/T^o 

0 M tt( tl|) DC , illl^l 4.3 W| /Jn , Jt'l' \ A I • e'",, ifijtiii 

4oi|(.i }^ X Ji 'PM fi‘i -j +11 It 4^ '£' ifii *Pi)i 4^ it i'i9 +iw K fn >/ if^ f'Dj H'J', fit i'i9 'PM fi'i. fii fl i f^/: "iM 

t^/A Afn'Af^il-'iopMffi: A i I lAJ+llR A o ii-J. '.I fj-'Hii 

^mxd ■■3t+^j4AiilpKi W), "]',ii]i,li%14A'Al^’^fi'ifn fllf'A'inJ kV;., tj j- |•..iJ^ A; A // U . A‘ 
-'.'A7> A'111m 4.2„ /iii!+14ii'4^'.'(i'i9+14M- a+jh i'i'jUi!i1()IAAWiJP^'4^AV;i'i'jf'Aa^ \‘\n /> = o i\'] l-.WJA 




> '"’I xj fir 



m 4.2 0.5 fp 0 



Jfttt l-e^» 



1 ■e^^=l-{cosO+J sin^) 


4.3 


- .m- tJ>Ro M 

^MmMmmrmm 4.4 i^jt/Ko i+ii?inT 5 ;-t],*x^tiMfi \h{z)\ 0 

I K(z) |2-jl2r(2) l;tLt^/K: 


//(z) 1= 


Y(z) 

X(z) 


(4.20) 
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^Ij W ^ M fill M ^ , W T ^Ij ff ii PK| lif ^ : 


H{z) l= 


2 - 0.5 


2 - 0.5 




R®” 


M®" fii.'lA.v 


4.4 t5#,° 


A/(2);i y'(2) fP.Y(2)fi<jE^R;{®^;tlto ^fi[?l4.5 fir,- 
^,iPMfiI//(2) I = I y(2) I / I.Y(2) I fJillE 0 .4 TT ?iRlt^ i > ( 2 ) i = i.Y( 2 ) 1 p-j 

II{II//(2) I 1 ,lS tt/ 2 5111 ItPIJfill4.4 fi<J^g^t0l^o I ) (2) I 

^f4Tz=0 *(.^f4PIfilj|il>i:') ,ffn i.Y( 2 ) TT ?llItfjKll//( 2 ) l( = 1 1 ( 2 ) I / l.Y( 2 )nfi:j 


4.5 l-UM 0 M TT 










Nonnalized Frequency(x;r rad/sample) 


1S4.7 =x[n] +0.5^ [/i-l ] 



4.4 

mm /. ^[f hw «+;•/> z $ 

inr/}JT.cta/K: 

H(z) = a ' zm I, • z + c (4.22) 


w\i^mm^mxK.irmii}fr^j: 
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— I) ± 'J— 4ac 


z = 


(4.23) 


4.24, ,!flij z 


b' — Aac < 0 

fonjugale pair) ,(205^4.25: 
z - o ±jb 


(4.24) 


(4.25) 


5. i|^^j(MROC 


^z HOC” (region of convergence) o ROC (j(]S.^'14: 

h[n] >£1^5.1: 


n = + X 


I /( [n] • z'" I < 


(5.1) 


n = - X 


^5A 


s._ 




/J = + X 


n = - 1 


n = + X 


X l(*[«]'2""l= X l('[«]’^""l+ X i/'[''] 


(5.2) 


n = - X 


f» = - X 


n = 0 






* ± ^ ^^Jt w (7 1N 0 * ^ "7> ^11S m §P ^ l-n ^ ^ M gp "7, iE 7 


n = + X 


Sy = X ~ I + Z' + ••• + z' ' + Z' 


(5.3) 


n = - X 




Z • = 2 + + 


. A-l , .V , .V+1 

• + 2 -r 2 +2 


(?.4) 


A/T'lNl^ z • 5,v-^ 5.4 5.3.Clj4: 5.5 ffl 5.6 

S’ - ’ • S =!-''■"' 


.Sy( 1 - Z ' ) = I - Z 


-A - I 


(5.5) 

(5.6) 


Pif!rfiit-7f.’?ift,i^i^.£;cfll .S,,(l^jfi?|’/,VlEj )Lfi'II')il1()f;a-Ulla-l: 5.7 I'}U]< : 

I - 

6\ = . ''l ^ 1 ll'J- 

I - z 


(5.7) 



^6m 121 


bi < \{it'h^)o ^ I 2 I > 1 M$P:iP: izi < 

1 4^41 ^ 0 5yW ^M 


S. = 


1 X + 1 1 

1 - Z 1 - z 


X 


1 - z 


1 - 


1 -Z 


|z| < 1 04 


(5.8) 


0fiJi(;5.2 mm ROC ,^.»fn^4>^3ia¥z-'’4nz^"644^'l4fm0jt^fi5cTi^, 


n = - \ 


n = cc 


^ \h[n] • z'" I = ^ U [ - «] • z" 


(5.9) 


n = - X 


n = I 


WM^5.3 ^ornkWo ^jmitit^,^h[-n] = i,rm^5.9^omzj^mz°=\),^^ 

)^4<4nvall^4/ n = 0~x .^^j(:5.9 :i)35c5t5.4 


ri = 


n = zc 


n = oc 


I \h[n] -z-h S U -z-h S Iz" - 1 


(5.10) 


n = - X 


n = I 


n = 0 


(iPfUO^fii, RWiA 0 S /V JLf5I^^;t4P(iPTiC 5.11: 


n = V 


S u- -1 


n-O 


1 - z 


V+l 


1 - z 


- 1 


(5.11) 


^izi < \M^M%mmT: 


1 - 


.\ +1 


1 - 


- 1 


y 


.V= X 


1 - 0 

1 -z 


- 1 



1 - (1 -z) 


1 -Z 


(5.12) 


z 


1 

»NJ 


1 


1 - z 


1 - Z 2-' 


1 -z"' 


xt-mmi^M z [-a?] = 1 ^^,mm roc 

[?|5.l -\) a 

h [n] ,i\iy ^,mr 

M ROC.. 

a". « < 0 

/,[«] = 


(5.13) 


0, jiflli 


X 


.15,4" 0/''zl < 1 



I 


1" 


X.t[AM-/V~ -I 6<Jz'72jl^4>fiJil;4pl(:4-P,F+lTiS^--4^^^S^^^''^’WiJWj(:5.l4o ^-^/V- 





i:5.l6o 


ti - - 


I MM 


~n 


• z 


n = -\ 


n = - I « = ''' 

= To" -z"' = I«-'' -z" - I 

li\n] =n" ^.. 

n = - > 


M =0 


(5.14) 


n = A 


-I \A>l 


= I (» 


- I 


)" - I = 


I - ( « z) 


- I 


( 1=0 


I - (I z 
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1 

- 

I 

1 

1 

1 

- 

0.8 

- 



ia| 


- 

0.6 

- 


/ 

N 


- 




/ 

\ 



0.4 

— 


/ 

\ 


— 

0.2 



/ 

\ 


— 



-1 

/ 

'a 

1 




I 

)' ' 



-0.2 

- 


\ 

1 


- 




\ 

/ 



-0.4 

•» 


\ 

/ 


- 




\ 

/ 



-0.6 

- 


\ 



- 




_ 

.- 



-0.8 







-1 

- 

_1 

_1_ 

_1_ 

1 

- 


-1 -0.5 0 0.5 1 

'w* frJT 

J < pP 


S 5.2 h [//] =a” ,\z\ < la I ROC 


-I \ .\ +1 


1 - («*z) 


1 - a 


- 1 


1 - 0 


I - <i 'z 


- 1 


n = X 


(5.1?) 


(I z 


I - 


-1 


a z 


1 — (I 


-1 ' 


(I 


-1 


< I 


-1 

(I • 


< 1 ^ 


< 


(I 


( 5 . 1 (^) 


I'A [/,] =a'‘m y. .^.i5.Li|]'^.'TfA/: j-z=o kb, \4iiiai: 5.15 1]\ 

1 / (I -<r'z) = z/ ( Z-^/"' ) , ]z = a ill Ji^z '’i'M ]'• 1^14 a'a . 'iJ'J z '’iM'A I'i'j 

ilil^l 5.2 i'nii,'^AV;f/: piiK-V: Jf^-'Uiiiiui-'iiii' 




h [/;] = o" •(/[-«-!] (5.17) 

n u[-n-\]R^^ n 


5.1 

l#;fiStl((^.^MROCjPT: 


h[n] = 


a", ^ 0 

0, sftk 


(5.18) 


/( = + 3C 


n = X 


X 1^' ["J ' " 1= X |/' ['*] ■ 


/» = - 3C 


N =0 


f) = X 


n = oc 


= I 


n -n 

a • z 


= ii( 


a • z 


- \ \ n 


n =0 


/» =0 


€'0jt; 5.19 nf ^^lJ N ntU: 


(5.19) 


n = ;\ 


X («•^■')'' = 


1 - (a • z ) 


-I \ N+\ 


n = 0 


1 - a • z 


-1 


(5.20) 


A ^ ^ ^ R'j , ^ in IF^ : 


n = X 


X (« -z-')" = 


1 - ( a • z”' ) 


X + 


/, = 0 


1 - a • z 


-1 


1 - a • z 


for 


a • z 


-1 


< 1 


(5.21) 


jrt 5.21 5.22, (iNlf] 5.3 (!Jf7K 



15 5.3 mW:%^1th\n \=a'' ,\a\ < Izl ROC 
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a 



a 




[ilitl:, 






o 


(5.22) 


5.2 


^ftiUT'o ROC 5.24 m 5.25o 

/![«]=«”•«[/?]+//•//[-/)-!] (5.23) 

(5.24) 
(5.25 ) 

5.4 fPii:5.26: 


f 

> 

a 1 

T 

44 ^ 

< 

b 



@5.4 g^S^mi3tlal < l::l < 


a 


< 


< 


(5.261 


5.3 ROC /J\iS 

^mmm\:.o 5 m. ihn ma^ju r^i^i '4i(iP k>.\. 





mmm 






^5.1 ROC 

ROC t$|iH 

l«l < l;l(ra 5.3) 

/5/f ^m * Mt± ik [Ml H'aeMET1 ^) 

Izl < I«l(|?l5.2) 


lal < \z\ < I/)I(|?15.4) 


6 . 


5 ^4.2 z fir 

6.1 


fj = + X 


I IM^*] I < 


( 6 . 1 ) 


n = - oc 


FIR hr 

tjt ^ % )E fi A r± s; - p^t ^Ij iH 'EI) >J i'. 1J1A 0 (i5 ^W >£ 6^ tt # f( * ^ ^ - A ^J ^ , 

im lO-'\fa)t^PAIfiETi^tif^#[(#AO)o FIR 

PTr A ^ A IS ^ H/fc ?4’ npil ;a ^ 7K (IP T: 


y [/i ] =.«[«] + rt • y [« - 1 ] 
h [k] = S [A:] + (I - h [k - I ] = «* 


H(z) = 


Yjz) ^ _1_ 

X(z) \ - az 


( 6 . 2 ) 

(6.3) 


(6.4) 


ATfi.AAAri'./H, 6.5 (AAPRAHL^f'l^o BlJft® AP't^'J, 


A'tAjiK oJ1/|:/''(R||"JIi'/^IP'.^'^P!:^A W-(PJo 


n = + X 


X I ['*] I < 


(6.5) 


n =0 




j*i^-(lllA6.6: 


fl = + X 


/I = /V 


I i/.i«i 1= 11"" 


( 6 . 6 ) 


„ - (I 


/I =0 


,V= X 


\ = oc 


< I 


(6.7) 
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5 HOC ijl[i-ix\: 6.8 ^im-. 


n - ■*■ X 


X I/'[«]-"" 


< oc 


( 6 . 8 ) 


/j = - oc 


o ^-filSl^hn't,IJ/fcoiz h [/i] ig r> 


-IP 


7. 




7. 


h [/)] ,U\ixK 7.2; 


/y(.) = ^ 

.Y(-) 

z-' [//(z) ] = /,[„] 

v[«] =.v[/(] +r[«-i] fi'j HR z 7.3; 


(7.1 ) 


(7.2) 


H{z) = 


Viz) ^ _ \__ 

X{z) l-az 


(7.3) 


l(a^ut,T^f't')glil.t.0fiJn^M^^7rfM,!)l'J^I H{z)mi 2 il; 


I • 2 


y(z) ^_ 

•\ (-) 1 - 


-I 


y(2)( 1 - az'') = 2 • \{z) 


y{z) = 2 • .V(z) + 


(L 


y{z) 


'jB 


4 17 6<J 1:1^ , K|) .V [] -A'(z). r [n ] ^y ( Z), iliiH 5>a fP g [ //-L ] 

. 1 , 


(7.4'. 

(,7.5) 

(7.6) 

6'( z) . 


r [ n ] - 2 • .V [ /? ] + (I • V [« - 1 ] 


(7.7) 


I z 





Z’i ZiAi 


i. ■£.■ f: ^ i^'j 1^ Mj tu ti It-,iiii .(i )■ (z) i |- n 
‘ymW\m'\ r [n] .iiiciiil //(z) it^f^^jE(l<j)l;K^pn|p]Jl/rf ^Ij h [;;] „ '<i 

Arfi'^ySixl^'^A ( long division method ), ‘Ifd]^ ^ Ijlc H''/A ( Taylor series method) fll i'h li 3*1! )i( 
( residue theorem method) „ tk'\^-t\-X\^'% )L^'h '|J'I' fnj'SlllliiJII 17 )Afn.. 


7.1 -1^1^}* 

l-'I JlJj-A 4.2, f.l fj- .V- [ „ ] fi^j z XkWAl.^o I J- ^IJ .VI f> 1 '1>117 111- f F: f"J fn '-j-. (d iaifk :i|> IP 

n /( [0 ] „ (III z '5:)3 /l Y ( z ) u 'J< 7j ^ Ji)i A, (III aA 7.d. i']' J'll - ^ IJX ,V ( z) ' -j .v [ /, ] I'lJj 1,4 


x[/i] ^ X(7.) 4^ o 


+ X 

'^{^) = ^ X [/;] z' 

n = - X 


-••■ + a:[ - 1 ] * 2 ' + x[0] * 2 ° + a;[1 ] *2 ' + ••• 


/V(2)---- + « *2 + /) + C*2 ' + d • Z ^ + 6*2 ^ + ••• 


7.8 m 7.9,W^PT^.?.: 


(7.8) 

(7.9) 


x[ - 1 ] - a 
X [0] = b 
X [ 1 ] = c 
X [2] = d 
x[3] = e 


x{z)min x[n], 

z Y(z) z //(z), r[«] 

eijiiR Mi* 


A A 

rT7 z:^ 


m M ,i5f^iilift H{ z) Mit 7 . 10 ,W1-® *4nwt-^^ *: 


H{z) = 


^ I 

z + z 


(2 + 0.5)(2 - 0.3) ’ 


> 0.5 


l-mi i^Wt ^, f //( z) Mit 7.11 : 


(7.10) 


H{z) = 


2 +2 


2 +2 


2 +2 


(2 + 0.5) (2 - 0.3) 2 ^- 0.32 + 0.52 -1.5 2 ^ + 0.22 - 1.5 


(7.11) 




I - 0.82 ' + 0. 8 z ^•'* 

^" *•5)2' + 0.22 -1.5 
2^ + 2 + 1.5 
0 - 0.82 + 0 

- 0.82 — 0.8 + 1.52 

0 + 0.8 — 1.52 
0.8 + 0.82"' - 1.22'’ 

( 7 . 12 ) 


/(!/: JliJMiiijAiri^ /' [" ] (I'i fi'i : 
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//[()] = I 
/; [I] = 0.8 
h [2] = 1.32 


7.2 

5 IWT#7f 4^M -M ROC, E.ft M¥\ l z l < i ift^j( i\4, M 4t PP< 

7.12o 


/»= \ 




= X-" =' + 


+ 


, \-l , \ 

+ r + J 


(7.13) 


/J =0 


n = A 


I --• = 


n={) 


1 - 


(7.14) 




ZI = X 


X ft' 


-I \ n 


)" = 


I - (a 


- I \ X + 1 


) 


1 


n = 0 


1 - 


(I • - 


I - a 


-1 




(I • 


< I \H 


(7.15) 


AAM z 7.15 /( [/?] =./'ft^lft|ii]ft^iJ( 'Jl 5.1 t7 ), 


H(z) = 


1 - a + z - hz 


_ “> 


_ 1 


1 - ' + a/;j 


-3 ' 


> (I . a > I) 


( 7.16) 




1 + j ' -{ a 4- h) z 

1 - hz ~ - az~^ + (il)z~^ 


_ ■) 


Hiz) = 


1 z * ~ hz ^ — 


_ ■) 




( 1 - az * ) ( 1 - hz *■) 


(7.17) 


1 


1 - az 


-I 




-1 


1 


1 - hz 


_ ■> 


7.17 7.18.ftM-ft^Jjt 7.19: 


II - oc 


II = X 


H{z) = X (" • -■')" • I (/' 


_ ■> 


)" 


(7.18) 


n = 0 


/j =0 


H{z) - {a • z ^ { a • z ' ) ' {a • z ' ) ‘ + 

X [(/;•:: ‘)^' + (/>•’ “)’ i- { h • z “)“ -♦- 

- i _ i _ -'_ i _ - --1 -^-^1 • 

- \ -^ (tz -r a z a z -I- ••• + c hz 

3 -7 


- I 


+ r 


- 1 


' ^ Irz 


- > 


(7.19) 


+ hz^' + ••• 


— I + {a -I- l)c ' + {(i^) z “ + id' +/>*)c 
-i- {a^)z + {a^ h^)z~^ + ••• 




z .2Q h [n] o BPi^ 7.19 tTllJIjgM g 



1, 

n = 0 


a + 1 , 

n = 1 


-> 

«", 

n = 2 


ri , f ( 2/1 + 1 ) - 2 

a + 0 , 

n = ,n 

> 2 


/I 

> 2 

0, 

Sfik 



(7.20) 


7.3 

complex variable 

tlieon-) 4^ o e4 M ^ ® ^,^.m%t'^^HfKh[n]R%z Hiz)^M^'l.2{ ^ 


x[n] = — j X{z) ’ 


n - 1 


dz 


(7.21) 


WJl®t^( ^PM4^^7^5'C:itb Y(z) /X(z)) , [iIltb^iijlMf^-^64WH^t5t^S( Cauchy ’ s 
reside theorem ) x [n] ^ ife^,5^ 7.21 7.22,^4^ Pii4b 4^ 

Pl,P2- ■■■ yPky ■■■ ,/>a. 4^64I^ /f 4^®,4(,f^'^“Res”^7Kt.&.^^Pt64^ 


1 


271) 


f//(z) •z"-Vz= X Res.._.^J//(z) -z'-'] 

A = 1 


dT4!jt7.23 m 7.24 

( m = 1 B4, 7.23 dXii^4b^i^ 7.24) o 


(7.22) 




- I 


Res,,,,, [H(z) • z""' ] = •;-7V^ ' ~ Pk) ' H{z) • z ] 


^ =Pk 


( m - 1 ) ! 


'I’k dz 


Rf's,=,,^ [7/(z) • z"''] = lim(z - pj • H(z) • z" 


(7.23) 


(7.24) 


^-^Pk 


34; 7.22 7.25 (idH/IO^«|filJ?^'J h [n] 


Hiz) = 


z(z + 1 ) 


(z - 0.5)(z + 0.3) ’ 


> 0.5 


(7.25) 


4iit 7.25 BP4>£44idM)o 

z - 0.5 = 0-^z = 0.5 
z + 0.3=0—>-z=-0.3 
),Sitl: /< [«] itiit 7.24 il Wiiii h 


(7.26) 

(7.27) 
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h[n] = X Res.._.„J//(z) -z"-'] 


A = I 


= Res,..o .5 [H(z) • z"-'] + Res .._„3 [W(z) • z"-'] 

z{z + 1 ) 


= (z - 0.5) 


+ (z + 0.3) 


+ 1 ) 
(z + 0.3) 


//-1 


(z - 0.5)(z + 0.3)' 

z(z + 1 ) 

(z - 0.5)(z + 0.3) 


r = ().5 


n-\ 


(7.28) 


2= -0.3 


• Z 


-f 


2 = 0.5 


+ 1 ) 
(z - 0.5) 


= - 0.3 


'■'Vs" - —( - 0.3)" 


0.2 


0.8 


= 7.5 • (0.5)" - 0.875 • ( - 0.3)" 

7.22o 4.2.V( z) 

Ait 7.22,^: 


X 


[«] =^.t^V(z) 

2t:j- 

1 


n - 1 


(L 


+ X 


iTTj- 


^ a: [m] z '"I • z" 'dz 


ni = — X 


(7.29) 


+ X 




rn = - X V 

4- X 




-m 

7 • 


n- 1 


d 


T 


■n-y 




J 




^ 1 r ^ 

‘ ' n-m-l I 

dz 


HI 


= -x V 


9 


'fT/- 


7 


7.22,fflg$|^lttJIi^Af(A 7.29 [)<]|Ps5>^l(Porat 1997) .f| 


- <fz^dz = 5 [A + 1 ] = I 

27 T/J Mo, 


I. A = - 1 

A # - 1 , A e M 


(7.30) 


( !/iA 7.29 7.30 A fH ft 

A, W: 


271/' 


.<^z‘7/z = ^ [A + 1 ] = -—;lz" "' 'dz =Sln - in - 1 + 1 ] = <5 [/) - in ] 

ZTT/*' 


(7.31 ) 


^■±itftlf^A 7.29 ,• [„], '.AyU^idflAiij J^-.5 

n-m = 0 ,t!|l in=n iH',^ PJ<li( A Ri'I'JImUIN'A A 


+ X 


/ I 

y .r[ml • — 

.r'ool 27T/- 


\ 


« - /» - I 


(Iz 


4- X 


“ X ( •'■ f »i ]• 5 [/)-//(]) = .V 1 n ] 


(,7.32) 


m = - X 


(di A z '(t'Mi'i'J I'l Ri'i'jffCA fiiSitA;,, K iVlU—-iR 

•j \ jmtkr\M''] MATI.AR* pKiAJ-AfAi( -AlfK Afl-i'iAtC’i.'i 


8. MATLAB® 


MATLAB FREQZ( B, A, 

A) ^Um^lNVFREQZ(H,W,NB,NA), m%L FREQZi B ,A ,1\) 

fj^^i\^'^miM.^^^i}L^^}kjiyVFREQZ{H,W,NB,NA) PIiJif^^P[S|jf^^ BW VARjf^ 

mm6^RU^Mo 

\-k}!:'/R'{]il^U\']^\^ ZPLANE{Z,P) ,Z ^(-1 P BOOT’S(C)ifilt 

^/I'jfw^iiipKit^ GRPDEij\Y(B,A,N)m iMPZi B ,A ,1^) 


9. 


#, fl ^1 A?. ^ -1 Is fi -g o M iii ^ f H -t ^ a A if A 1^ ii ® ± ^ if ^Ij ff ^ iH * M ^ 

A , lilfi^ A“ fiZ” ( Larsen effect) o ff iftT, P 


n-Hif^AnTtie Who if(Ril<Jt|,ffitliA!lfP’R A • ¥iiM:^.^(Jimi Hendrix)^q^# • ig^(Pete 

Townsend) , ?f ftliil Jfiilff np{f L Atfe} ( Mac/iine Cun)'f Bi5i^ T [f E^.'o itli^fOiJ 

The Who if lAitif lA—p” 

iitMQE;^Shi]4'4^{’/^A} ( Tommy) 1969 ^, jAfljiflf 

1973 PJMlRM'nT^-^r^^m((in}pm}((?uadrophenia)o ife^fill 

f/ifAAhiciJA. , it?itif 


k?Appp'mA-m\\mPR'm. 


BP 


PI 


ilk '}t iimi)]^] Lij fik ± “f P liS Vi n M i'l mk±, m /4, Vj 1& ^ m f n A ilk A ^J} m tk 

P- iik A A fik A' A' /li if # n ilk, irn A Ji A ilk f - o 

A ■J-.-AWJ, A -A/hi1-fAtiflfJAf4mrikZA'4^m-kiAn • Hii f'K Hol.en Ashely) ,i^i1s 
|ltr4^ Mi'/lH A'A Vi /l: (liiM nA WJ ( o|)era-(or-lelevision ) A ffi ffj hiciPC ifll W fi o fhitk A 20 |ljf d 60 Aik 
fj Aa¥; Af > AtlAxir^lflliiiAfPjif .yi(m A) ( lTo//mun) r|^ff i#A' liSil9AL^^A^ 

f;.*), Vi ilk hk If /-■ A ilk 4f l;lii A if, ^i f Ij a rji-ij ig “ A M ” A A In /- /x iHl ^ o ii At if ^?. A t ik- Pk 

f;■: :(;■'] i -. I11A111 , *:• lii A A Ili'J ilk; I; A - l-l' to “ ^ iPi 'Pilr P-J "Ik A ” P'J« ^6 o kif fU A A A 

A tlf If P9 A-, - A ilk A if A if t*!' A ix lUi Mi I'B i I: P"i i I • f'I fls m< Pk lA ® ^ A »'li' HI Bl kll if 'A o IH 

i/.': if A XI m llll P 'J A Ai ( A Iga Marghen 2002 ) , M i I ' f'J P9 - i'A «fk' A )P1 A fll' ifi 111 ^ i'H ' '*^'1 ij ^ il£l 

(M oiion Lei (hnan) A'' -/if fi' ii^ | II i, iii iii ill: A A- fk o P- 6'J fl •« A » U Tl i1 ^ i'i 1 1H. P'l i l^ I'J A P 

tllMliKff|LdlliAA^Pai«'liif l 4 if->ViJ^ 1964 f Alli' 9 Pkiimt-V • f>ti A'^((duirlolle 
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^ 7 ^ /ji #1 



f3 ft a a fit 4^ 'll A 


n 


;U'n^ R ^fdc’jt .4 f-P ci>o mr^&'>]flv'^^ 
(r 4^ W® f^ij o 


^, ill ^ ^ ^^ aa ^ 


2. fUil .(^ifi/p?ii4'PT^IM'?ii;f^§t 


-|'|■a4rm^li^fil^&4lIll:^t^;^^0iiiiil^;^t^(low-pass filter) „ W> 1 


^:?i'^'/t4So 


./: 


max 


< 


./.; 


(2.1) 


4 ' /(Hi M W L: 4< jC (i<J 1i! 5ii T , - te 41 ‘i'll '^-114 # o fll £- (iP # 11^ liKi A m ^ 7 ^ 5Hl , '7? 

r4'A;4-4l;!l!4’'/[M,^ KAT//2 (i 


/ L 


ill! rH--ll:fR)|:i;i4>MiMii[ffj45ll±'li4i^ri4Jl4^ 2.1 r!ff/Ao II|5^r'riiliH:ir-H.rfii'l!t*M 

'iht T 4' '5 HI Hlf fill I ■■ a (iH 4' M ¥\-^ A ii!l 'fff (I .assl )a.i( I) %%{ iiK, Ifii M a HI x'ic PI I li: HH '¥a >% if'X W A PI I 'HI' 
( sK.pl.arid) o 1^1 2.1 mi)\\\ lR/4>ifQ41RPPIl'll!4'HlHH'Jfll!c ll4M4<./;.( ‘•■■loP' fre.|uency) >'II^LlHH 
fttiiiiHiHjRi?!A2;4i^4!/f4i A' \\u\m>¥W\\o M mumm'm anii-fiiier) a-x =//2o 
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Frequency 



m 2.1 



in 2.2 ^Jii®6>Ji^ji?;l?^^(liigli-|)a.ss filter) ,T^^iflic 

m 2.3 M. —band-pass filter) , ( renter frequency )/„ W 5./E j^iil'^ 


upper / lower frequency)/, /,o T—"P iY^n Q —13^ T 

[band-stop fdter,'llll5'/?^ji:fitd^t^( band-reject filter) notch filter)] . 'b 'H? ifi 

idea filter) , ^0 brick-wall filter) o ffl 69 jitii 

0.707 i^( -3dB) 09-)i>tri£69*li5! *o 0.707 ^ -T%'p±7ij4i(i'469 

^SC, ^lifft/jii^J/^69-^0 . W\ IM 

1/72 , Mil 0.707o 




I rcqucncy 



S 2.2 JM i® is i^fxi§ 






2.4 


2.1 

k f¥. d'-] M •'.■ Ilk f IJ m Ilk ^ ni^o fl! 

iiiiiJiimiltill MATLAB* o 

^ o ii fii &i; Ilk r- 1"] , uM Ilk 

(fj ih n it tik m, s m ^ m iik lr^ ri^j \n '^- ''rf? 

'Kn!Win ii''i>\< ,T>1^jI Vr'Kif md'J W<]: 


iS^ [fl^ 

Frequency 





o 
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# m 


( I^asshaiid) 


PU'rir ( Stopband) 


Transition Band) 


i&^Jj( Ripple) 


( Filter Order/Lengtli/Size/Tap) 


2.1 


HW- 'jT- 

flu J± 


at’:/.;() An.vU^ -m i 




ilfi ^i? -4 ih "fp ^ I'l ’] 09 K M 


?ig-;ii^rr^ari9>i5^9jSc 




2.2 

31 m. ^ 5)^ S'J J1 m 'If U T m 3131 f 1M ill iij ^ m ih M JIS ill iii ^ f-: 3i 

o ^n|53i;f 2.41V69I?1 2.5 n]. 

^3l,|yl6l3lilx^( transition hand ) s5cJlfl!i /f ii:3'A3fi'rpflJPJiw69$^l^^o ^'t3liix!'rT? 

B 'If T^31 i®^l^9IMfill31 ^fii]ffl^4ij^3i/lit(LIiiH31 

40 kHz69fi^)^.ia;^-.^*^31iI^fi9#r±- ^T4.1 kHz fi9l&fl:f^aET)(9 

20 kHz,If H 40 kHz i993^1f t 

o . 315111 


2.3 m±mm 

M 0.707 0trr)(tli69it^A( ix3I^I?iliM(t = i) o A 53^ &9 ill ill ^ix it. fll AiliS^i^^ii- fk. 

# 3 c ih $31 - ^ 5 > A 31 ^ it it ' 1 ^ 5 ! fl | 3 J 19 i? iTiSi j h 1 ^ o 3 SII m $ 31 ^ ill tj^ A 31 it 1 ? fi'J Hiii ^ 1 --- 

( edge frequency) o 


2.4 

3^3431^-$ill it ^ 09, ill it m m It (ll|) A i,- A ill it 69 It 35 fi it) fi .31 It 69 it ^9 iil: 
(ripple)^-iMfi^69#tlio 31it't®9s/jN,A5$-k^Aiilittl^it#i3^3‘}i.wiilit;i^t!ctj4t f-l 

09,iilittll69it5JjS:®/J^( it!/iT-lt) ,31'Hm4t35Tl;3't( n\\m^m T-31.5iiilit;il3), ilH'l® 
$ 9>fi 69 ^MMA^o - I333t i>l $, iil it 69 tl m m M, ti ^ 69 31.35 3> ti -li A (ill it 69 Pt %t iHi 

i^)o X9A FIR iilM.ffl'^A z $ffi t.WAM69'^.tti7i)f'5ti5A6931,35. M J- MR iilit^Aft 
IIJ/1iA693!!;3S}IS(illitifSI?lt5(lllllc) ,itiritft15>ll ir^'tiii'v 6 .■‘;v;)i'i:jf:,^i.;j'jg;,t£;^,s^,'i;j 

'#liT.vJi^li4t35 FIR iilitilL Itiitititiilitllilii'J-.V^/'t- ^'11:69'Tctlkl^-.A-llliiifi'Jf illit;li^69R 
a A fI'f It Zm U A f- ff o 6'iJ 111 I it i I • ■ t) 11 r-1' I t;5: ii)!i| J l!i kt 11- fiili A It ^ 69 ill it H,*!. ^ It i t ft 11J 
HR ill it it,Afn’All FIR iilitit,A 15 A hh ill it 11,^15 7169113: A ill it Ixltftlii3iill3:,'i- A li 7jlt A69 
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rti® 2.5 2.6 FIR 

^flEii^^ipM(tS^g)Sl5^i^5j]M(ripple) ,^5lC^lli|MlH|®6^tpi{ilfg^ ^p..,^nia 2.5 ^jf^o 

(tolerance amount) dB)_hTi.fi^ 


1 -5’^ \H{e<'’)\^ 1 +5" (2.2) 



I I I I I ^1 ->^11 II U I II II II II Ul— 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 


Normalized Frequency(x;r rad/sample) 

m 2.5 LPF FIR 


(dB) 






/l^,„i,P^:^iJ5!(,a( atlenualion amount, A/ <IB) ,/E 

2.3,$^AfP^tFtZ$iiLHte{SP^^SyA7 ^j^^FP .4,,„| ,l?li^lPjfl^l^t)l|ra^^^5)'S*JA7/s,„,,^/„.,„' 


(2.3) 


® a = 20 • log. 


HI 2.7 FRHI 2.8 T FIR P^Jt0fEli[SjfiZ-^^W 42 z ^fflo AHl, PHI 

2.9,1112.10 fPlH 2.11 FIR 


FS '(4 R|S] JS 



Normalized Frequency!x;r rad/sample) 


m 2.7 LPF FIR ii®iie()tll4P|5])4 



m 2.8 42LPF FIR iJ|;J$f§ 







I’hase( radians) Magnitude (dB) 


(dB) 
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ItoZfn^W 44 z 2.12,[fl 2.13 fam 2.14 iTf/Ko 


iliiilP|o]iS(dB) 



IS 2.12 BPF FIR 


tS'fiLPIqliiiZ 



IS 2.13 BPF FIR ii;^^&^^S{4Pl6|j3Z 


^ ^Mlx'r^iM?ii PIJ .ifii t'^ ^t\'}^WL f4' m 1^ W ( <iualily factor) . i'lc fll' '^] (J li>1 1 ‘ 


( Q factor) h : 


<> = 


4 


(2.4) 


A/'=./: -./; 


(2..V) 


(I 


iiiji: 2.4 1 'r'xii.i&j Q fit ft'j fife jilt A/'t?i)iij q fi'fiitj., '.ji!:i-itt:iniu'i’-i:4i:i’.i 

'>f'I/iirifi :%j a/- ft^jifuMii^'^iLifit, a/- idi ^ '/;M'iiiM^fi)!i )-3 .inft<j)ti)!-'^^..iii i'"]ft'jii'h:,'^^. kwm 2.1 ? 





H 7 s /jiiS?§§ 141 






2.160 FIR ^■PJiril'^^^40 z 


teUPI^jS (dB ) 



0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Normalized Frcqucncy(xn’ rad/sampic) 


IS 2.16 


BSF FIR 
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la 2.17 BSF FIR 2i®^6<]^Sf4P|i]/5!Z 





111 (Suitor- 

worth) , tj] lrtl'§’^( Chehychev) Inf4/K( Cauer) ^i^W-'/i( fn] ‘S-Hife'^iL h IV) , 

E # m ?ii ^ ^ T ii 'll? fii 141 ^ (ffi -$• j Ij -T t '4 < m m ^ m o i/j it 'f ^; it; 

, m 2.19 flim 2.20 t^HjiJfl^J HR flt'ii!]}ig;iUS. 1^12.20 

[fl2.i9 lo lo tW.•.''I'i'j z iHfn. liii 1 ^ 12.21 

2.22 '/t'fi'jjS IIJ^ ,'^b i^i.iM'iif flll^ll'rlj'fC, it fl eiiuiripple . ll|] 

ffl [s] A<j 5j] w f it: ). - Ji T '/[Hi n ft its |54 m j/ic fi<j m o 




teliPlSliS (dB) 



111 2,19 LPF HR 

itHtPlSjJjjZ (dB) 



II 2.20 LPF HR 
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(dB) 



SI 2.22 #tll] LPF 


Ifl 2.23 IS 2.24 p|lj Ffl )&Sj] W '& t@ |s] ^ ix if FIR S ?ll 11R S }$ }& . ft; 

'1''/pa. = 0.5 (0.5/JJ: = 0.51 .4,_= 1 dB,.4., = 60 dBo [?I 2.25 ^Ol^l 2.26 

l^[flPl»I,llR FIR jll ^ fW fitj [gi ^ -J,,^ 



itiiflBlSi;^ (dB) 



a 2.23 FIR LPF ifdj^tl 


Milt, in 'iLmtikiR T m tii n ^ # m (n ^ ritj m iit , if • i > 11 r m i/ii n.'y 11 fj /<;• 

felfl<jL<:II,ltTlsM6 Mtli^*;tll6 t'^>.R,|Tl] FIR ll!ij',7y 42 


2.5 MATLAB* HiSitX* 

<1114--p:-ir<(fi//rill,IIIf-il1/f:tL^;HV:fli;!it'rf,/‘'>lLM'|!di^^ 

fl/tl#?)>?/fllHfiHAl(ii/j^lcifill^ FIR ^ IIR iU;';iU,^l'|tjit^i|-. 

J i'|tj M.vn.Ai/ 




Magnitude ( dB ) 


0 

-10 
-20 
-30 
-40 
-50 
-60 
-70 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Nomialized Frequency(x;r rad/sample) 

m 2.24 HR LPF 


iPSfiPliiliS (dB) 




- 1.5 -1 - 0.5 0 0.5 I 1.5 2 

m 2.25 FIR LPF 
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Sr p FIR }M M , E|1 ^ S m m fit) rJl ilk ^, W # ± S- :/f yic 5> W\ ^ E '4 "l^i] M if '/i IRT 

(impulse response truncation method ) ( windowing:; metliod ) □ Jt i4'nM S M" 

rrfi<j IRT m Pona), 1997 ] fir 

itjj p[^ j^z # fiH) o ^ iS ± 1E fuJ #-, IS'S iJi dd ffi ijtZ f n f ij fi9 m M t# fiF., K # 

^ S A, ® ji ^ A'J ® ^ s i-F Flf w E'J fit 'ilk ( Rt 'J i^J' S S K FF FK-5IM t# ?iF fl'j A 

8 #) o AS, mnmmmm —in>ji-^-|5;'r(i<jiii;-;i^;^r^is mm 

:Rfic6tlo lASt.^-^I^J’ijRg^jSHAj least-s(|uares desif'ii) F'll A-)l:F4ij ?i'( e(|uiri|»ph- 

design) 

s ^ ?ii ^ o s ti ta zii ^ la tin Hi # s m m }/i( . w it 'i? a m ;a fr m f^i; ii 

«o 

A 2.2 MATLAB* -('J-Xtij-ti^itX tlllA'blil-1 

HRf«t^Si+piif(,Si|ix,#iS0x^)^zSiii^^ H{ . )inidnA 
FIR 7]|«Sit®f(,PIiJRiM0tin^ 6 




r* — • ' 

I -1 




-y«A 


{2.(^) 


^-^7±:t Ji, MATLAB FfrltX. S XSl; (t u, A A A . OIlJ A 2.6 tf. M AT- 

LAB* A^P^AMitiF 2.7,|Slll:l:^^®j]P7t<&5F#Alill)'jAillt)F'IAo IttieA 2.7 Ljj\;- 2.6 R'RI. 

SAa,/H^Alo 


/>„ + + ••• + l),e 




-jHl. 


_i_ _i_ 

«() + r/,e + 


+ a y^ e 


-jH\ 


(2.71 


matlab* A.MAX FMfFjSilllAM A'titlAiA 'h 

JpA;2.8 FAA: 


«() • y [«] = + ^6 ■ -^' [" ~ U + ■■■ + /'/ ' v [n - L] 


-a. • 2 [ /( - I ] - 


(I 


Y [ n - A ] 


(2.81 


M 2.2 iIXiJ/HT^Ai^il^i)mfA#lllFPrri^AViit, -fe^AS, M-r FIR iAiAlF’v R {fRM.'friu 
5Ffi:X^X HR 7lli;^^^!)IiJti^SmmjtJSm5>fio W tl-'-I lil: R fli .1 (Fjfi'i. )>^]iJR 

JM=f-5K2J &<j5FAInASAP5>o #t<( »■>/ A)iCAlJl-ft(Elhilii!A(-rT xra.l/smaple)-t 


Wn A 0 .5 R'J-, M rk I'I<J ^ '¥ 'PDi 4^ A ^ 7 / 2 , M F A FF 4^./; = 8 k 11 /. itj A S J i: t'l. t- 'Pi:i 4- A 
2kHzo FFiMS)®,AR t—'MlA^IIJXftLftFn'A HR Fill})t(FitI'l'jP/i'^iif- (HFiAtSIi/>V17T(167)( • 1 , 

CHE/m)/f/)i( • ) fil cN/>:/mm)2( • ), AIIJFRMAiiARiimA*Ft4H U/> fii ux i7 ^LfiJn'jS 

?JjM(/fp FP R.vRRAiiMi'ti^iSHfiLftAAA^Frlt /Vo M)i4,FiR2 itAtfj'iR t-AiiuSAtiii'iJ f] ® 
F FlI /!„ Wilt 4: MATLAB* 'I',( 1(1 A mZ'R F,A) nj'lli A fzt Ili'J ii i)U,^ t R iR l|;.'|k\, .illJ'A Ft-; 



-4- 


ijJ 


MATLAB* F1LTER(B,A,A) W\%L X 

% H ft! .4 uhf^-^o Tp^i4'i'&i^^®l5[64/5Zffl^1^!Jo 


* 2.2 iJljJ^HiSitS^ MATLAB* 



ij^ Si 

tS ii 

riRK.v.ir,,) 

FIR 

iblc-t A ‘high’, ‘stop’ ^ 

‘ Bandpass’ „ 

FIR 12(A, F, .-I) 

FIR 


Rl*m:R{.V,lf J 

HR 

±ht-t .\ ,[5]H4nT‘ high’ , ‘ low’ lie 

‘slop’^ if> [IE,, 1 ^ 2 ] 
hS III iiJ 11^ AT BU It 4; - ji-ill „ 

BLTI’EKOKD ( U;, 

If .ft.A\) 

HR 

R,AB, 

CHEBVK.V,/?,!^ J 

„„ 

^/jK— i‘'A'P;rl^—AdB 4;iiitf^ft4;)t^l:, 1^04 
ATB4ftlfl^|Zgt#Sf‘high’ .‘low’^‘stop’5feiS^|llifi^tl64l^§y,lE„^B4 

4/—Tc^f^So 

(.:hebi()ri)( 

A,. A.) 

HR 

j6 0 -1-* f S |54 m ^ i4] tr k m 45 111 iS PIT ilr A, IS ffi It s S ii ^ l?J: 

ilgil A^,(IB,^E(5ii'lplJi:4'4^T A,dBo 

(;heby2(.v,/?.it„) 

UR 

^hSt—t AAdB 4;ii*lf^®4:'®5ljfi.l^04 

nlBU1^ra ‘ high ’ , ‘ low ’ sJt ‘ stop ’ JlSliS, JE„ 0l la 

47—tc^^M'o 

(:ilEB2()R0( R,,,u,. 

A' .A ) 

HR 

il 0 -1 * I ft W fl - ^ 01 It ® 45 HI It IS( A, IS ffi IM li «S li ^ Itfc 

A„dB,ftia^!ir-4t2B/jN3^ z^.dB, 

El.l.ll' ( A, A,,, A,. 

11 J 

HR 

A(ttFfiNHIil^S^,4C-'t AdB 47‘i'l0ft4:ifi^?ljfl:,[^04nIB4l^ffll^ra 

high’ / low’stop’ 5^SA^Hllfe-SI6l)I^Sa.lf„^B44i—7n^0fio 

ELEIP()B1)( B;. B.. 

A .A ) 

HR 

jg0-4"*|ftfi<jfl5fjllHliJ$?fS|5;MS[ A,ISiiE$I{tsi)t?£ji4fliJ:4^SSi4: A„dB, 
^tPII^?lfJ:2i5/]^T A.dBo 





\n 



3.1 

20 iii4/li 60 Moog 

d3L\\\ h'3£' 

I; I }% ^ 4- , Ifii /t- iTr 4^ It ^ ^ t*f, 4^ ii ^ 4M fi4 4f lift ^ ft # ft A4 ^ t^J R4. ^ ^ 

'% ” in '> !ii 'l^- ?W . 414’-114 1 ■' H o M Y if +- ri It iTii ft , ^ ft 4; i' I ■'^- 4’ M 4? M /j< lii ft ft M fji i\'} 

I /(tti It, I fi I i'l! li^ 'T'- ^i4!! M f^'t 4S Y 4 ■ 114 Y ft 4^ 'li«i It M 4 ^ o 'if^ ft ft IjV, ' 11 ^ M W ft ft X il4 ?f fe li4 4$ 
m il!?: in ' j /r- iit ft ft ;jic ftii ^ fi4 IJ' * ft< 4» ft. (Ill ft . w Ili 'W' 11J )|c fii i|ii ft >14 ft o 
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®3.i 


LFO , |(P ^ ^ ^ te iJ^ ^ iiH iinj o 


fs = 44100; 

X = rand ( fs,1); 
X = X - mean(x); 


% make random noise 
% take out DC 


% make band-pass filter using LPF and BPF 
[bl, al] = butter (10, 0.5); 

[b2, a2] = butter (10, 0.4, 'high'); 

% filter using above coefficients 
yl = filter (bl,al,x); 
y2 = filter (b2,a2,yl); 


% envelope the filtered signal 

env = l./exp ((0:(length(y2)-1))/fs)."10; 

% play the signal 
sound (env'.* y2, fs) 

\-.m'\'J<AND{ • ) PKI 'h ijic r 44 .100 , i-Sc iJiiH R'A/ 1 fi'I'iMn ' j ('4^n-'f\/> 

44.1 k 1 Iz) o 3 n- i ^ (I'-iril |5t; J' In '/ fi'J I)(: j> mI: , lU hi-; ffi '• j- .v I'lO m fi'i lU v = o 4ili 'A;' 1' -il' U .. 
IWTTERi • lo 1^1,1: Aj I0)|'l<j(lilcl|-.il^5i-t-. Aj O.Stt flUUTT 











‘>t't ¥ iS If }iS ,—?^ jit /r 6 ^ ^n ^ il ^ Ji o ft jit ia ft 6^ m ipl ^ # IjF. M 0^ M, 


3.2 

ft f’ ft - i" ffn ffi 6<J m ^ ?Q m ^ “ Pi Pi ” II ^ jit jS ^ ( wah-wah filter) „ 

'^STrf Jimmy Hendrix) ft;—^ ( funky) fx |R I'j j® # •f’1^ PJf flj „ fi ji; If ft ft!l “ Pi Pi ” 
M's'SSftf ft ft ;^ ) :^ Jim Dunlop Cry Baby ff^lSo 

ft fift“ PiPi” IlftS^IS [ ftfts^ tJl'ftlift.ft" Sift ( stomp box) ” ] , >^0ftlin ^ftfillif 

0 (h ftisit It jJt ft 0f ft i'J ii ft. ^ fw ^ JL ^ Pi—Pi—Pi.” ^ „ ii S ® Pi Pi ^ ” 

( wah-wab-ness) ft" ftPiPift ” ( wwwaaahhh-wwwaaaahhh-ness) ifiift — ftfepft,|u Jjft A T' Jj 
rfi'J , lilfi ft^flip5iIfiiln I) ^ ^PiPi” ( auto-wah-wah) fl^S^feo 

fi 1 ^ ft ^ IM W ®. S M ii if Pf ia ft IS M ^, 10 ji # rl If ft m tl # 15 111 1^. S ^ Pf ± S ffil 
-ft Ji m o a fft‘ Pi Pi ” ^ m m fiin fx 13^ ft in li ^ ii jji ^ ft « m —m , m 

bi If bi-quad filter), 'E;^-ft W M ft 15 * fP W HR jij5 

ft VI i'j it" Pi Pi ” ft ft ft o 

m ^ —“ Pi Pi ’’ M ^ ft ft I# ^ ft fi ft 31 ii ft M 1^1 ft it ft - ft jit ft tl ^ 

3.2: 

>■[/(] = .v[n] +«! ‘.rl/? - I] + o 2 •-«[« ~2] - h^ ‘ y[n - 1] -i >2 “2] (3.1) 


H{z) = 


1 . -• . -2 
J + a, • z + a2 • 2 


1 + 6 | • 2 


-1 


+ 62*2 


-2 


(3.2) 


ilftPftftftlP^fftft-M'jmPy. 3.2 ftPtftbJc- 


jl(;, iiPjt 3.3: 


H(z)^- 


z + a, • 2 + Uj 


+ h 


• 2 


+ h 


(3.3) 


ft " ft “ M r. Ift Ilfi ft " Ffl jfl: n f, o 15 T 313i ft l¥ ^ ^ ft f># fl m y# .h 3 

(Iftf^ft-. ftft f ftft/f (l«(l<J-fRiElftfty'J(iPTft 3.4 ft 3.5: 



4 

fi] In 


- a, ± .y«I - 4 • «2 


2 = 


(3.4) 


- />, ± y/.; -4-1 • /.2 - /b ± V'b - ^ • 'C’ 


2 = 


2 • 1 


(3.5) 


- h 


fh, \ ’ 


- I) 


\ ^ ) 


2 
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* 5)- ^ z: ^ it 6 tS ^ , tii * S T ril ^ A >j * If # f iT- o ± 

z = ,4 ±jB (3.6) 

2.4 fr4'P^|5Jfiio 3.6 : 

z^R^e^” (3.7) 




R = y.4- + 

B 


0 = tan 


-1 


.4 


(3.8) 


(3.9) 


6 rt, PI'J W : 

R < 1 


(3.10) 


Z mitt, jt 3.3 

3.11 ,^ft^T#2r stiff'J 1^11— 




(z - /?., • e'**-"') • (z -/?.,• e •'*■') 
(z - /? • e'"") - {z-R- 


-;«v 


z 

9 


- R • • z - R • ^ z R" • e^^-' • 

zr ^r A,r 

— R^ • • z - R^^ • • z + /?^^ • • e 

- R • e • z - R • • z + /?? • 1 

z# z# 

z^ - R^^ • e • z - R^^ • e'^'‘ • z + /?‘ • 1 

z^ - R.^ • {cosd,^ - jsinO,^) ' z - R,^ • (cos0,^ + ysin^,^) • z + /? 


(3. in 


zr 


- R^^ • (cos6^^ - js\n0^^) • z - R^^ • {cosO^^ + ysin^^,) • z R^ 
2 • R,^ • cos6,^ • z + 


”> 

z" - 


z^ - 2 • /?^, • cos0^, • z + /?“ 


z-^^^W zMjllJsC 3.11 S<jfSmnT5Jt^)« 3.12 

f^z‘ - 2 • /?.^ • co»6.^ • z + 


W(z) = 


V 


z' — 2 • R^^ ' cos0^, ' z + R~ 
1 “ 2 • /?.. • cos^. • 




• 

y 



(3.12) 


-1 


+ R 


T 

«» 

zr 


1 - 2 • R^ * cosO^, 


-1 


+ R: 


_ ■) 


«Ff) ± f^ ii 14?I ^ # fij S<J ^ 5> f ?^il, ± ii z: |5;^ lx ft It 5Hii Z1 |i;^ 1^ r.|} lit B 

j[n] = .Y[n] - 2 • R., • fns()., • .v[n - 1 ] + A’;^ • .v[n - 2] 

+ 2 • A^, • <a)s^^, • V [n - 1 ] - A' • y [n - 2] 


(3.13) 



W Fhl^ 6 e,,fQ (9,,5}'SlJ;lM*fn^*&i]!^^,)(^^3i^#|WISq Ti 1//J , 

3.15( fflt ^0 - ) o 


d = (o^T=2*iT^f^T 




2 • 7T • r 


(3.14) 

(3.15) 





-1 -0.5 0 0.5 1 

113.2 


'&mmm'^'^^AtLm.Wim-^Wymm^M^\m^/^fA^z= \ ii ] z =- i ( j ^ 3 . 36 <j 


(i{z) = Z^ + fl, • 2 + «2 


(3.16) 


*(j^JlKn7rtiit 3.4 :^JC;t; 2 = i fpz=-io 


- (i. ± y«i - 4 • «2 


2 = 


(3.17) 


^7 W. r WiU II f( >H: 'm «, HI« 


2 O 


2 
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- rt, + ^A/, - 4 • «, 


r= I 


= 1 


I V ^^1 4- • (i f 


z= - \ 


= - 1 


3.18 3.19 a, ^11 a ,, nJIffHIzttHU 


- r/, + ya, - 4 • = 2 


-a, - ^/a, - 4 • r/-, = - 2 


it 3.20 3.21 tSilPlfit 3.22,.Ic# a, ^PT: 


2 • r/, =0 —> (I ^ =0 


^ «, =0 ft Alt 3.20 ^ 3.21 ,Af# - 1 


-a, + Va, - 4 • a, =2 


a, — 4 • a2 = 2 + a, 

a, - 4 • ^2 = (2 + a, ) “ 

r/, - ( 2 + a, ) “ 


a-, = 




o \ =0 


0 - (2 + 0 ) 
4 


= - 1 


(3.18) 

(3.19) 

(3.20) 
(3.21 ) 

(3.22) 

(3.23) 

(3.24 ■ 


PI'J M ff ii 1^1 , a S m fj 5)- fi A A 3.25,5> T- in IJ1^ W r ^ II ifMA il w ^ in A 


3.26 



o 


6.’(:r) = (2 - 1 ) ( 2 + 1 ) 


(3.25 


H{z) = 


1 - 2 


_ •) 


I - 2 • R • COS0 


• r 


f - ■* 

"t" /ll • " 


j[«] =.t[7(] - a [7! - 2] + 2 • a, • C'O.S^,, • r[7/ - 1] + R: • } [n - 2] 


(3.26 


(3.27) 


0 flJ//2 $5iA,f(i:( KP DC AAl: 

3.14 3.15 -fnilltlff-flj-A^l||fl'j“lif:;li|" 'Of-jTCil 


^,Q tr:iltA^i7J AAfififf- {) III ?AK-i5fT^(-iA.?iil'J^|irp ,:ii4t|i]'Aip )|jfA Al'A.Pr 

( Laplace transform) Ulil'flljli „ ifllJ’lll'-f'K'lei^infjJi: , #lt /|,"j III Iliyf|j'ilBI'ifeiA tilf HPK l'l'jif^.l(L . 

F)i^i'i'jpMtiiiiA( 1113.3 fum 

3.4)^ffiMTiiiif(iiT MATLAR* ftfl^i 3.2 'loAriAAIn]/;, fii A;fiV.n9A“A)fi)fUlfll|ifAA\.V;f^>: ]■ 

I )c A fit 111 ^ m W\ M IliiJ 't? f(h „ 



Rp = 0.98; 

% coeff. for individual 
% control over Q 

fO = 3000; 

% center frequency in Hertz 

fs = 8000; 

% sampling frequency in Hertz 

wT = 2*pi*f0 * 1/fs; 

% analog frequency in radians 

% The difference equation coefficients 

b = [1 0 -2] ; 
a = [1 -2*Rp*cos(wT) 

Rp"2] ; 

% frequency and phase response 

freqz (b, a) 



f^59 3.2 


Phaser effect) ,OiPi” 


T hie ^il i5 i 16 ^ X :Hr , it M ^ mf 


Pif ® PS Jftl it Ji - X X ft 


3.3 



3.28 mm 3 . 5 , sf l 


V [n ] = a: [n ] + h, • JC [n - L\ 


(3.28) 


x-tx HR 3.29 ^jf^.,mp- 


^ 3.60 ^•il'lfifMlt HR 


y [rt ] = x [h ] + a, • j [/) - /.] (3.29) 

m 3.7 tf!i\\ T'MEP:ft /. tj 11 FIR ^ hr 

^i B i\L It] o rti i?M M m , n ('¥ k k) a'j f)^ is Ji ^js ^ ^ fi'j i^i ^^ ^ 

t’-fSI^il.FlR iiie HR 
I^SiSrrif 





3.3.1 

[II KIR XXitti HR 't'iiiiinf"IiXti]((iil^ 3.6 1111^13.7 W\/Pi\'p¥)\>¥M'PKo m 

A 3.28 fli 3.29 '1', H L kMm'mPymM'M y [«] V.mn^ PSilliili M:” ( /X> presen<-e) IMfl-'JMo 

i-j M |{ If /t-; IS filial H' ill; ili f/i- fiw A ft A' I' ■’'‘I ' *' * _ 

L A;fiftiitJWiAAIi1!)Aa<jlSfe'ff!BiHirn WHt.ill ri^xISlUfMJta^jAXi:. A; 

lirt I', i.'i L k A ft fiE ilJ tPS7 M llll iM , it III! 'Jit, i‘i k JJII 'Jilt, S •(>: JJII 'Jilt.ftc lit ils o • w • • 




Magnitude Magnitude 
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® 3.3 
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156 




IS 3.5 FIR ^®^ ,Z. = 10,ft, = 0.8,±a ifiII, 
Ta^^+lfiPlSliiiZ.MATLAB* FREQZ( [1 Z£ROS( 1,8)0.8] ) 




0 3.6 iiRtI;|^ii®^,£=io,ft,=o.8,±a^^ilii]iP(J]j3z,Ta*^l]iP|S]Ji2 









3.7 

( ^rti 0.1 S 0 . 9 . a 0.3 , h(?l FIR aii^t?§, TI?I HR iili-St) 


Nii#?iH,rH]iiJs]ffl A5iis L 3.30: 

h [0] =5[0] + 0 = 1 
/, [ I ] = 0 + 0 = 0 


/z [ L ] = 0 + ('z, • 1 = a, 

/z[L+l]=0 + 0 = 0 (3.30) 


h[2 • L] = 0 a, • h [2 • L] - a] 


h [k • L] =0 + r/| • h [k • L] - a\ 


a 


I 


< I 


(3.31) 


1^;] A ^ (]'} ¥ Piii A (\'i i? ^ ifi ifl K, !^!'J 11 lU^L > 1 )^ f+i ^ ^ 

ill-: 111 m M- Hi, If I«, IA A /J' r-1 fj'j fi'i. i^:M; -^Jc itJf M^ /i/i —uiJ 5 'J •'11 M 

J/I«, I A/l'-r-1 riMiA 

iiiri^j iiM f-ifii/iiiA3.32 j!/f/j</^i«,i <' -o 
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H{z) 


i 

1 “ 1 ’ z 




-JM 


J 








(3.32) 


(3.33 ' 


(3.34 ) 


fif 3.34 3.35; 



(3.35) 


*fti(^^^,x^3.35 WZ, tm(;V?)^¥3^fM^WA'tlS)o .il'^, 

2 = ^'" ft Ait 3.35 ^iTf#it 3.36: 




— ( \ ^ — — 1 
T = (>J^ \.^ ) ^ 1 


(3.36) 


fflEtlSAit^it 3.36 flff 0-BP it 3.37 £ 3i vS iio . 

lo SJfL'M^^tfiJi^Sit 3.37 d fi.WiJ'i^smA 

e fjPit 3.38: 


cos( 6 • L) + ysiii( 0 • L) = I 
0 = k ‘ 2jT/L,k = 1 ,2,---L 

BP^^ d = 2kT:/L jlfP( A3.37 6<JlE?g5)'a)ff^'A,RflJT^' ^P- 


(3.37 ^ 
(3.38 - 


A 3.37 


e' 


(hi 


H = 2 • A- "IT 


= cos\ A' 


k 2tt3 


/. 


\.\ L J 
- COs( 2 • A' • TT ) = 1 


+ ysinj A 


k 2'n^ 


LV Zw 


L 


(3.36) 


Fhit 3.38 nI5;P,a, = 1 P^f ,z 0 ^tif.T±^J(3>fp‘T#M5PIi ;L 

* A 2tt /Ljxm 3.8: 

0iiJA3.34T>T):-P,i«,i < 1 iR,z¥ifiihB^Jt^A‘A{tzg"-^>fi7[ilrt JIR ^jp 

ra 3.9o FIR A)SJ ElT-lARtt'y-fHRAhHft'lko 'lAft'RyS 

fR Ji, FI R fi)|t fit fi^ ^ dt '-^ * '1^ il T- 11R t^t d3) m * li S, |nj ft i J /|j' 't- M r*'j Ap R1 3.1H 

{ 3.7)0 PI'J#lttllNd<j fir hr tnatiitfitffff 

t FIR ft>ltfit)j$4Ui9t(iR* f p.ji'pj it-'# a'y Uim€i 

(fZ^ *flzT-tJtii'lfit LiZii'-^- t^Tiii3^fi'i;:t|iiJ) o 



IS® 
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3.3.2 

^it "iti fiJc W ii^J # ^I'J fg o -1- M #■ 11H m }& ^ m , ^ M ATLA it 3.3: 


% read the audio file 

[X; fs] = auread ('loveme22.au'); 

% set parameters 

f = 440; % set frequency for comb-filter 

L = round(fs/f); % set delay length 

coef =0.99; % set dampening coefficient 

% construct the HR filter coefficients into an array 
% and filter 

b = [1 zeros (1,L-1) coef]; 
y = filter (1, b, x); 

% play the resulting sound 
sound (y, fs); 


3.3 440Hz 


itWJlftff^t'.M.ATLAB® m^AUREADi • )(!^ ir:4l7?£4/J) 

ac M .V 

z-o ROUND{ • HR 




0.99. . mi 


IIK zz:ms( • )M HR 


sovnd{ 




) Hi A tt JjI Z 'it 33! 

iTJ ^ stiii 


l=J 

n ^ 


m f fn m jji W coef, W S fi A fH -y- A :S A [fj] B 7 M i& n ^ o 

A Aft AbO MATI.ab 

3.4o 3.3,E5jili3iA$H!i.V Af^^iA ilt'zbf^Ml M \t- 


% set fs and generate white noise signal of length 1 sec 
fs = 22050; 

X = rand(fs , 1) ; 

X = X — mean(x); % get rid of DC offeset 

% set comb-filter coefficients 
f = 220; % fundamental 

L = round(fs/f); % delay length 
coef = 0.99; % HR coefficient 

% build delay vector and filter 
b = [1 zeros(l,L—1) coef]; 
y = filter(1, b, x); 

% play sound 
sound(y, fs); 


mx4 





I - A B" pKi if R.^ ^D ( • \ 

i"] (E, Vi .V a V = 0 $[ti ^ 'll':li sJj ( B|l DC ij# 


«n ^ “ X = X - means ( X) ” IS ^ f = ^ 0 
M)o iS— ^^li)flifM-^4’inAlii|iM'il^^, 


% set fs rate and generate white noise of length 1 sec 
fs = 22050; 

X = rand(fs,1); 

X = X — mean(x); % get rid of DC offeset 

% set comb-filter coefficients 
f = 220; % fundamental 

L = round(fs/f); % delay length 
coef = 0.99; % HR coefficient 

% build delay vector and filter 
b = [1 zeros(l,L-l) coef]; 
y = filter(1, b, x); 

% create amplitude envelope for output 
decay = 8; 

expEnv = exp (( 0 :(length (y)—1))/length (y) ) ; 
expEnv = (1./expEnv)." decay; 

% envelope output signal 
y = y .* expEnv'; 

sound(y, fs); % play sound 


ft 55 3.5 




f 1:ff' J 3.5't /jic—ii ^ ft m A Hi^ fs * It^?ii ^ ^ 










^ -f-H 


3.4 







a 3.11 
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0iJf^-;;i'fi'j'/jJtiii|[M] F, B fri F-: ra (FHIM'F -j Hi -f-Flil i-n'J 

£. Ft w ^'ij eJif f a n ^e m m 153c -1 pm ^55c t (Fi i^'j i &.b o is ¥ic ^ r^: b 

3.12o 



_ ^ 3S 5F t3t f: Fj- IS oT fF W ^'Ij Fr ft5] tl S 63) n iJS 4 3]im /F, kn ii: 3.40 3.40 F. .v ^ 'jf, 

mm,c k mmim^^;mp^7j^:ii\i^3A\ bup 


>•( .V, /) = y,( / + x/c ) + }\i I - .v/c) 


( 3.40 


^ = . / 




(3.41 


V p 


0 PJ ± 6 J1 ^ , PU 1*1 Je 6<j HFI Hj I Hj p,l }t ^ 31SF JIIJ 16 j flij fF n-i)£ f II |n I f F 6Ffr 

( standing waves)-HPMPJF:l^] —ll FF^J tfDzfil) 0PJ iTdlt 

4i]P0't,ii^^^PF±^#“lTi2”, injEj^FEa 

L/2 6<J0ipfS|^?F6<j[*iattllFti^FFF A- • 277 / I. ?ir(lt/f>( radian- 

sec), fF A 3F gI3(o H4 63) ^ # 112Fti I'X R M )F: DF v 6'j fi a. tn l'?l 3.13 F; 

t+. -if' t'*w -1 i/f r/.ii Him .'f? i • 

llilf Mtti;fell^ti)iS6F/-^T', 1 ^e)IFM tl'JWI'J'JllA)( ''j.F3. 

?^0(ll^tI)SF"llfMaA6MEa)F»^tI)F^A1'3^4iaiEEAFF0|3^A))3cil31fEattf]MAll 

litI'h, il'MIf eim 6'j ^, 5211?^F: A Ft '12 6<] FJt FT ^, fill I?13.14., )<«J- Fz ),tipiJi n'jM Wi lii) -'r-11 ->'j 
( ■P6'll^feiS)^^'fT})lcFhl2 Jif.FiS—l^'FHb^)j3c—■F7 c®) 1^0( FI 3.15) L.iFfeFjF.F^ F 


TU iK /Mj FVj V 1VI .1 .M 1^ ,u::i/K 4 mj i x- .iIF 'a 

nv * F a XT T '12 IF ^ # s rnm^ s a m: ^ fas 'b ni-'-i B n fn a in f- 6:j di a FtT.' j 


ElZI 

m 


&o 


±.mmm ijt if sic f• 10 # tf a f > r m 6t )*^ T)k f . li fi- 011 ^ij .'di nk f- ;in3c., fi 

0,12l*l^0^rft( '12fF^.FFI3i^lA7#ttT-naiF)6klK F ili^0a.Ti nM'iii'i'jfj-;)F'’"'F Fiirlc fiipilid. i'( 

m^mmnho xTTJi£i6T']2ii mfc ,m ff^ a ijF im a , Ti ijiAHi f-ff 'f kbi-a-cit»< 11 
Mffli, TUI'A* d'a#til3ilFkF nl #F#- F-: 63), mhi F S- LU d-fil? .Bfili fii P^FiF -TlFw F I'i'j IF jF (\- B 31,I'lk 

FFU^o -iF/r-iFiYvFs'iF'SPJlFi'ikli-ll 

'FaiF.AlMl)iF)2;iS#ifW(A • 277 / l.)„ |A|i]t,i'r)|JFTlilFJl!F-kd.i6FjlkF'l3 Jl|.^ 

fili;feTr]iii-yi 


o 
















3.5 

.111 V nr ‘)t m sh rj m ^ u m 5F> }t^ ± ^ ^r -^ * *n /h 0 ;j)c ® it it 

^[lf"lMit ''” ( f)hysics itiofleling) l?-l^''Jt^ft-o ^3^^ 

j,‘tw wr-ViM -4wri-x.t;” '7-r lis3if5ifj±^ @ if fit^Mo 

■7- r ;i.Y it if it iK, J l; ilk Ijv: j I j m m a ti is- ti ft ti iw ^ /it in % ^-n * f" ii 

III I'C'v: n P-J+i r lii "f iM iJ K( 'f-it if ft ft o tl Ji it tl ft- ijt II t!l ii it It 7j “ " 

r xx ^ ri 'f■ in nil. ii'i- m p^j ut w-- ii nj i im ^ii }g n,^ in it is fi$ tt it. w ft k ft ^ fn ^ ft 3 

|•.^!j^iJ3illP<J^■-/:llio 

?)A2\WjK 3.40 l!/f/J\fl^J^i I^J i r?ii{fl\l^ f 'ftftn , ^tlRI 3.16: 
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Ul 


A-1 


-1 1 

U- 

L/2 lilFf-iiliiS 



m 3.16 if 


L/2 fiiit-4 ^-#^■'&"t 

w t^rpj fflSfl'j^-a^^iir-tf #4^0 1^4 i'MM ® ^^1)- 

P^±#Ag5^4JPf?l 3.17 Ifr^o iiiSfii Z./2)i‘|fjnTHbtt4(4^[sl^, ^ 

fi4Ml€ g ^iA^ Ft] Ilf] S ni'J'J [*] If 4^iffi^fj'j ( Sillith 1992), 

L/2 



V - 


Cl 


L/2 


3.17 wW^I45iigjKl€&<)S5^®#+il! 


^mm:m^,wm7tmwm'imo ^ i«i < i im < i i<?i < i.uiiJnisft^^ii-MwA.w-- 

4^ T 5^, ii H't ^ ^ ( LTI) []<J ^4t W ia—It'J1 ii' f. ft, ^P 1^1 3.18 P/i' /K 


if 


71^-LI- J- 

>cm g : 


I. 2 L 2 I. 

g ’ g =g 


(3.421 


N m , * ffi /g ri<i ^ m nf m ^ a? ig 4(p r ^ s= 

{ — (i) • { - h) — (1 • I) = c 

m^m'^mnTg ^ c ^ jpji : 3 . 44 : 

(j = g • <• 


(3.43) 


(3.44) 


41I4^-4(PTl!if^. 



- <1 - 

</ 

il3.is 














T M ±ii ^ I AM A ;c ,M i+. r , w\ 

;t,r,:spfi \(i\ < I 


4n] — 



^y[n] 


3.19 

(f.W^ 3.3.2 p 

^ic^T<rtA<jATto 

hIAo S-ltJ^i^—Karplus-Strong ( Karplus, Strong 1983), 

i?iLA • Kevin Karpins) ffllJnJM AlSff • Alex Strong)^[lI 3.19 

i/sj fi ir 'Ak m ti n t n $—t* m w ni^ m fft o 

r± Karpiu.s-.strong 

im^ 3.45 . 2 — 



3.20 Karplus-Strong o'i3c^/S 


y[n] = 


.r [ /I ] + X [ n - I ] 


(3.45) 


Karplus-Strong ( 1^1 3.21 ), 

y\n - L] +>'[/» - L — I ] 


7 [ /; ] = .1- [ /J ] + 


(3.46) 


,rf/,] —K+> 



.v[«] 


^W(Kii;)S|j;5tl6^ Karplas-Slrong 


m 3.21 
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^iS tT fttKf^WbicT Jl JJ 


fs = 22050; 

len = 2; % 2 seconds 

f = 220; % fundamental frequency 

L = round(fs/f); % equivalent delay length 

X = randd, L); % make noise: L number of samples 

X = [x zeros(1,(len*fs-length(x)))]; % pad 0 to make 2 seconds 

a = [1 zeros(l,L-l) -0.5 -0.5]; % feedback coefficients 

y = filterd, a, x) ; % filter the pluck 

soundly, fs); 

3.6 S5Hj Karplus-Strong 






IS 3.22 Karplus-Strong !J|;J$^6^'B5^P|S]/S,Z, = 20 






-0.4 

- 0.6 

- 0.8 



[S 3.23 Karplus-Strong ,L = 20 


H{z)^ 


1 - 0 . 52 ''- - 0 . 52 '‘^"‘’ 


(3.47) 


,H{z) 3.48: 


H{z) = 


1 - O.Sz''- - O.Sz'*'-"'’ 


1 -2 


1 + 2 


(3.48) 


izmiiiSlilo \) ,M ( X^z'' 

3.49 3.24 K/f^o 


c c 

(5/1 " J 


-10 



0.2 0.4 0.6 0.8 
Normalized Frcquency(x;r rad/sample) 


-10 


-20 


-30 



0.2 0.4 0.6 0.8 

Normalized Frec)uency(x7r rad/sample) 

m 3.24 
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H{z) = 


1 


(3.49) 


,LTi LTi , VX )!'tf; 

Msm-t«i mmm,<k.m )it r')ii i^j^mf^Wi t/ii '■\km■:& 5^^ o ±isji.fi' 




y^ 


ftriAt^^l^'J DSP Karpliis-Stroiig W?iiil:fTfl^?i('fn-fri^ , 

m ^ it. -^iij ^ m i^j ^- (i* i fe^- f y m s a m sm 11 j a >j ^ 1 h m 'li i(j . 'jY m m m it 'ji 

3.6.3P ) Jnl^l 3.25 )^ir/A: 




IS 3.25 


W ^ W * P-Jl ® t§ ^ ffe ^ ^ ^ 


m lii^ i+j 5^ tiia r-nmm m ftk, oi m, vx & f ij it m m j-^ ¥■ 

s -^, ^ffl w @(ft /mix-tm'it !iii ¥?m # in , it- # in a #;t I’t^ f^- 

^mmti.mxt^xki]'ixfi^±mm niini^-i i- 

ffl , s ft’ “ 11 ” ^- ji fi<j i g *; o ti f/j w it ¥ nA‘ "t»! ” t fe p]' H! iiti tfi m m w it 

^’t W tff iS if 5t tl (Park, Li 2008) „ if ff flij T MZmitit A'J 'W' M Wk tl 1^5 it if A * 'it m . kU ili- n- 

- # 5j] 't f I: m m >t p o a m t ti m m a a ?11 ti^ij s a a it t iit. a pi <i- w j* a w m z i r 

iiti. i^fn—AlC-fi'j&f'-'Aifi, Ail! 

tIMo 


3 . 5.1 

$111: , PI IfJ M ATI..3 B* P<J FI urn pFi m I^J in ill )ltt 111 M fhff fS o fill if ^ pfl ff 1^ "f (t HI (I 

MATLAB*JfIi'1-’f'i!ll]-TfA^mPJ-1 Sl'lItJfl^J itl):ilL^ I?f^ 


r 1 M 


4 ', do c/c++ifv w. pt'j R Wi xnxk i> If W: it- if m }i4 till "I o \n di 1 , m tn it t m 'h ti^ n if 11 tR nii 

Pl^f )AH:ii4 3.7 X.tfiJ.fUR 3.6 fiifUi'RL? ifj if. 

xix ijijitT-.iiai 3.7 iiHiij r f 5jj4irtHr^ .ijn'ii^R,nii^iR'tiH jfiift mmm 

mikm^mmo 

HlfilillURr^Itai 3.7 I'llio. A.iitifiiliil;f ilu. ''I4f a.iiitii( fudfifb A Rit A 

/V + I tiij 0 imnM^MhVm 'tmft.tr laillRI-A”it IlI IifOu Aiiili. ''i.«;fi, ili>'IIt]R-,/.i 

’^ximktmmm'kmimwkh^n-o 'f?Ri^fLiiifi<jfi:'ifiP]i.i5!Ri-,4;ii-R 
m^.Atnimmmmfmmimi lAMR'iiS'i'Wiif) ..^t^RiiiiiRrri^'Afif 4-i''ii ammm 

AlWlflTDt A, dl^ 3.7 | iff yliujjrr { \)^y{i) ] , iiR,f . X 

''I.ilflii'4ftR#Ilt//IllWRlOffilP AfJRIl MA'I'I.Air Ifj FILTFR |f| Hit, dll fUR: I L. Zj] = 

FiLTFiii I{, /I, A\ Zi )„ 4ijlllif’'i^''I,it%i!if .|>IIU Aiiliidfi^RjRltiiitjR 

kf'M H'K( Zi) IiiM^f it I'i'K( Zf ),. 










yBuffer = [zeros (1, N-hl)]; 

■ • • 

for i = 1: iterations 
% filter signal 

y(i) = x(i) -f 0.5* (yBuffer (N) -f- yBuffer (N-hl) ) ; 
% update delay line 

% start from back and go towards beginning 
for j = (length (yBuffer) —1) : —1:1 
yBuffer (j-hl) = yBuffer (j); 

end 

yBuffer(l) = y(i); % store current sample to delay 
buffer 

end 


3.7 Karplus-Strong 


3.6 

i:PR ( presence ) 

TAi'Am3 ^4.2.1 


3 . 6.1 

p’ n7 m a i-^ t- j t -n pR hi m k 

(i^ kk o AS ii U A A■ ik # ti mk-^J P -t A >1A Pi H i ?a IS It 

(chorus) 

A iTr 'w; 14: 'ki. 4 ^' 4 fili ill - A 3h f - i4c - A ^J' ^S'-l IA ^ 7C hie o "A pi^ !4< IM A'J M rtl ^^1 20 illl 4' IS 


^J' I t A n" 


AAio itll-l'l-S^ JO IKAtS^lli 6 mi^n^kmKhko t!|)f4ilAr4iAr<;i.'f|n][i4)l^#N--t Hi IK <11^ 
(fliii/f]Ru4i'JAir;m|njH4ft#n4irr'll?A'U, 4ii4^“^’"r'^)HiM-f^:^ 

(”ie m Pf' 1)114 A A4 ^ )j'J, ft Ji A A<J A A A ft ti it lH M- W. lAi hi A<J o W M 411! J ^ I-') Hi 'ii'J ^ 

In] - ip ifil- 1 -.1(1 In] fi4 [k III |n] tf ^ AP ?^- U A fl'l. A W It 'D1 AP A ft-- ^ A A ^. te M- ill A A- H - 
|4<I 41! A4 h',i |h|, ft- /!-; 7J - m /] ^ m iS i'Jl i«J A ft 4^ N A „ If A- I •- J' ’1A n A Pifi ft ^ 4^' IS ¥ n W 

if-j if, IJII ifii ft o iA ^1'f M iS A Ift I: it- A lifiI''1AP ft /]' if!; iC ( ift kk ) 111 11 \4< US I"] ft US A<J ^ A. A 
l!/f tf? A A<J ft (fi! A iMI ()|!!l! M) o |n] I'A, k ft hi I f"f ^ A ll!i ftc Hi! > ■ '• 'r- A US A4 ft Hi! . ft) t it ^ t > ■ ’' r- . • 




I,l:ij'>c;;^- r-'.F<';iSi'i'j?^-ff^KiWH^^ JUjiit Ji't 

l^ fn fill 0 i<;, W Sfff ^r■ M ^1'J{fgo iiii;S ii' ■ K M' fr 'As ifil H if■ ^ • nl ft ffi ffi W^m. 

, FrH'J 'b'fl'J l-fw i''t-M“ -ffliHl" iFj TriiL . ^'t J' ftL r' ‘As 

(M R , W iv^l‘']''Mi, ifii riFrn-t %: j' ill l’^ 

'^IJIIi^ls)-— \\AM%V. 20 Hl'tt! 90 ^|■■ 
f F/J, * FM ^ fill 4 Pn \' 50-FIJ! IJ \tL =\ - 1«5 M 11) l jrti M fi<j H i In] fi<j I [I fl<] 4 «• IlL. i V. 

3.26,>ti^JWFkT ijFFtlill'tii^o 



3 . 6.2 

^,tofpi5i^^^^ mm "jg? to_hFifizH,mH'jw4±fiT.# &Jt iiEisa fii 

3.27Fn[ll 3.28 PJf^o to —^^iJiiiI^it5iliifiH'J$ii AAJ^^/^^fH-^14, ^5l":!ffi,ilpjill'Ff04.S’'£ 

5)'3^FSFniij5fjS M toTFifa:o 



(3.50) 


S3.27 
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;iH^|'H]6 i)i^l|j{,ii',^Ft|—LFO gitiiJo LFO ^ 

. F,,„ ^ fs it!i! m M LFO m m ,/: 


cn 


M[n] = .4,^,, • sin(2 • tt •/; 


n 


LFO 


/; 


r) 


(3.51) 


3.28 3.52 PiTTiN, nT#S5cj]n^XiilAfg-§--^j]P^X5Sjgfl: D= \/l 


H'Jftiu Alf A(F1R (/v-i)A,o 


V [n] = /j() • -V [/i] + />| • .V [n - 1 ] + 
+ l>\-] * .V [/i - N - 1 ] 


+ b ^_2 ‘ x[n - N - 2] 


(3.52) 





«r&icl:T[fl3.28 (k-\oo) /: A3i^#i^t)P-A5iiS 

[(A!iliJoJ ^MW, (A-100) ^' 


{K-99) 




IS 1% f??f (1'J 'A' -71 iu IF 

ih 


AA A> 

, n A 


t ^ 6'J fiS ^ ^ 7H 


().5HzA^/n#iE:;i'/AMWiPM1lEHiiEiS)lPAfiiaMti^}"5k'f5a¥?f^f^-(A'-IOO) 




o 




A(j'j m i4'E, fi-4t -m i4^E it m jjd aiij±a , w\n if tu it m ^. 9 o &n 11 ft mu m ih t mat- 

L \iA A4t^lf:fi4)sjtE)JBAA’’lP>AK/” AA^fflgi4Ax: 3.7 %mit\Tfor" 

AAiiE7l4l'^'o f^lo/4n^l-!:j|Jf|-A7rAAA|i3jriA?Jjt4PitW4ILi^AMf4B(^ 

i't! 47 /li I n j fJ f i4 47 i*i ^ . 41; A If A14- li 44 & 47= '14c W- li IKj W A A o :t ^7 fill 0 # ^ W 44 m M 

(lAtAAAiLtifiAt'iA 


4 


3 . 6.3 

III lo 50 

iPiAAtdililll IE7>4i^li!:A,!)!iJrli A47A-./;Ill*1 ^ F (AAiililSAiit JiiA 3.53 
rir/jA i>c|j;ii4AfE7-li4Alf4'lii:Ali4AA(i-AMK T= i//;fi4.14^lno 'A4W7>4^'^^ 

(l<JI«i t7;)Ai;/A I7At4;4priflAA( linear inleriH.lalinn) 411 AJllilifeilt !4A/i ( all-|.ass filtering) , A I'j 47 

-44' AA, A-a47A:7) 3.6.5 i/'l'MAo 







[x, fs] = auread ('loveine22.au'); % read audio file 

buffer = zeros (1,1000); % allocate and init. buffer (delay line) 
y = zeros(1,length(x)); % allocate and init. output 

f = 0.1; % LFO frequency 

startidx = 500; % start delay in samples 

sineTable = abs ( sin ( 2 *pi* f* [ 0 : length (x)—1 ]/fs )) ; % make LFO 

% tap index from startidx to end of buffer 
bufferindex = round(sineTable*(length(buffer)— 
startidx) )+startIdx; 

% run chorus filter 
for i = l:length(x) 

y(i) = x(i) + buffer (bufferindex(i)); 

% update the buffer: shift right (last is oldest) 
buf f er (2 : end) = buffer (l:end—1); % shift 
buffer(l) = x(i); % update 

end 

% play the sound 
sound(y, fs) 


• • • 

for i=l:length(x) 

y(i) = x(i) + bufferl(bufferlndexl(i)) 

buffer2(bufferlndex2(i)) + • • 

buffers(bufferIndexS(i)); 

% update the buffer: shift right (last 
bufferl(2:end) = bufferl(1:end-1); 
buffer2(2:end) = buffer2(1:end-1); 
buffers(2:end) = bufferS(1:end-1); 


is oldest) 


% update 
bufferl(1) 
buffer2(1) 
buffers(1) 


= X ( i ) ; 
= X ( i ) ; 
= X ( i ) ; 


end 




•It* I = K 




ijB n fi^j f I-: IrTi fi'i I'f i' i; J% Ji IA 3.54, JI;' I' r 'A/ It id: 11!:. V, „ I // - r ] ill: lu I, ; I'i :j f I • f 
Jr<ic{ T ) M' It ilL 'it T liti ''J' lit n'li ■;)■ [ It It ( iiiiiiilissil ) . ll|l '('J It ll'J 'J'' It /A ] , iiil t r) lii ‘'i)' It 





-r] - yin -inKr)] ‘ y[n -int(T) - 1] (3.54) 

«],„(.) =•" (3.55) 

«i,„(.)-!= fi-af(T) (3.56) 

«in,(r) + «im(r)-l = 1 (3.57) 

('±.#50, Miw ,^ 

Yru [" - t] I, ^^3 = 0.5 • y[n - 6] + 0.5 • y[n - 7] 

Yfo [" “ y] = 0.2 • y[n - 6] + 0.8 • y [« - 7] 

A 3.54 3.58 ^im6^1rn^ 


Yh, ['? - t] = a,I • y [/( ] + «| • y [n - 1 ] 

= 1 - frac( t) 


a I = frac ( t ) 



(3.58) 

(3.59) 

(3.60) 


3 . 6.4 

1\\'Tj 3 ;#tfi 4.2.1 Vj iJinf^lJjl-Jrlf'^c^ii^ ±S-|X )JlJ 

A; 20-30±±(i(iiiic'iij>I T±liii;t,^fiJi- 

, Ifiii'rr;tii±;i±f|!i(i-*'±'T , “fii(!i” (naiifritif^) -inJf,i-T |V 11 U{ 

n mr>\ iM'r milinmr ( red-to-reek ) (dP'tfL K , 111 



Ip; H ids'll}l-ILfl<J W: A (ii(l111 T-4±Ip;M'111= Ifllliililli 1'*^I"1 ^'''' I'J-'''J'' 


#' (i<J 1± r 141- -nif ^ ^ o 
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JEIL 


IS 3.30 

o m'\M,t\]^ 3 . 6 \ -HP-tffluAfn 


zh- M 
7 


.V [/i] ( M^'^fi 1 )l!l!'^ r .V [//-.I/] ( 2) o 

V [«] = /)(, • v [/(] + /j| • X [/i - I/] 


(3.61 ) 


fnt *, ^ A in ^ ^ ft ill is tn Ik iS ffi m f A 6<j m Hi )^ ^ij R a a m m life 'A m- ( -a 

AfiS)i^lji!^-p[^-jriz±fi<ju*ltlflf^o 3.6.3 tnWiiA 

fi Jg # 1 3(t 51 iS f(i in 32 ff ¥ it f3 M o 


3.6.5 

¥ti[3c2o 


A 



Frequency 




IS 3.31 ±iiii;JSi§&<]l®mP|SlJ3i 

A 32 ft 3* 3# fi<J m iit 13^ R!t fS W ^ A .t 34. lii 24 A 313< 4g i'^ A rt'J A ffi. I ><l A iPM (i‘i I'lH) »'>Z 32 f f AA t. 

M A fR A A # iJi 32 n 'A' f t o 32 tl' €;'■ /i- 1- n' I'h 1;. A- it fiTf] i'i<j. fil Oi A A A (fii (>ffi-ill B in A li.l 

1^ nf’l & 32 n ft, fli fil A- i-U Mj W A A Pit o A A it 3 r-: M t'J A A <2 i'll 32.32 H.Ai'J 32 f i A A Jlli lA .3^iJ 

fllAo )AinA--j2A3232liifiiAAPS|!.A.flU3/:jt AMi4frt -ifii 

A,tefitlllfllAAAtfiAiLV;;3l)Lf )(1U idiA j'ffi'3 A iVfli F- lA^lff^i'H^l'JA!^}13i32;3^^A.A 
A t2lf232 Ari:ffi vAti^ 34 fll A’A-tl;If AAf I'l'jJ'lFfil. 

• A 3ili m 32 fi<j 2^ A ;/ fV. (d IA 3.62, j i: /, M (il i jt 3.63, A ^ft f1 I ^ Al i Rl 3.3 2 • 





( 3 . 62 ) 


V [«] = a • .V [«] + .V [a? - 1 ] -«•)•[/) - 1 ] 


H{z) 


a + 


-1 


1 + a 


• 7 


- 1 



IS 3.32 



(3.63) 



IS 3.33 


r iiE m ii 1^1 ^ ^ ^ 111 /:j-- (iff) ^ ffi m , m t ^ n • w 1 i^i & d'j ipm (t ev; i h (/) i ( ei i 

'^1T- 'fi i'B M ll^'] /j)Z), ^^ 5^ 3.63 fl<J (;> -T III ^ W -U|l ^ -tj 5Hif: ^ EU ifff T< 

it-4^'4>it^EU-11(<I?o 









//(/') = 


Q! -♦- p 




p' 


«/2 


a + e 


-jti 


I + Of • e 


-yVy 


Of • r + r 


iff/2 . 

+ a 


• /* 


e> 

-ju/2 


-jfi/2 


id/2 


1 + Of • P 


-jd 


Of 


(•().s( B/2) + jsm{e/2) 1 + |c()s((y/2) -ysiii(f^/2) I 

- /sin ( 0/2 ) I 


(•os(^y/2) + ysiii () j 4* a • |c()s(^/2) 

(I + Of) • cosC 0/2 ) + y( tv ~ 1 ) si n ( 0/2) 
( 1 + cv ) • (■<)s( 0/2 ) — j{ OL — I) •sin( 0/2 ) 
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r 


r 


• r 


+y«/2 


• c 


-j0^2 


2 

C 


-iO/2 

C 



(3.64 ) 


fl:, it ^ 3.64 6'j' t ffl it IS >=1', 4^ r "5?^ T H u |i 11 iJg M |5 >4 [<t [t Iffi (M 'ff;, l<t jt: {fti ^ it tJ 

3.63o 


r = v{( 1 + tt) • cosl^/:) J - + {(a - 1 ) • siii(^/2) ! 


(3.65 


ill, 3.66o [^1 3.34 ij f?I 3.35 ifflV, f #i ft it] /j5Z . a fiil'j 'J'J 0.1 


(/)( 0) = Ian 


-1 


= tan 


-1 


( q: - 1 ) • sin( 6//2) 

L( a + 1 ) • c()s( 0/2 ) J 

(a - I) 


- tan 


-I 


= 2 • tan 


( a + I ) 

(a - 1 ) 

.(a + 1) 


tan( 0/2) 


+ tan 


(a - I ) • sin ( 0/2 ) 
( a + 1 ) • <•<•>( 0/2 ) 

(a - I ) 


( a + I ) 


tan( 0/2) 


(3.66 ' 


t a n( 0/2 ) 



fil JlityH/fi'J a )('] |^l 3.34 til^l 3.35 fitfllft.it]'jtiti-iifellJi tii^ ^ cv 

fi^j(f!f.@t;,iiiwil54'i3ttnILIIIftitjit f'hflJiti!‘T2'l'ti! ILf-Ittlihdtji in; i>i,i 
M 71/2 'It('J J§ Jii',, IMilt. t.lOiilfiit 

;i,t.';Mi]i''1 itj m; i/fc m a li^j fi'i t; it 11- '>> 'Hk it.iu z. ■(£ j • t ft t/j tn ivj f.'ftt ‘•jy 




Normalized Frequency(a- x rad/sample) 





3.6.6 

ill ^ M fn /i ):-a >13 zj jfjf 




7 —sm t— mm , mmr^ 





S 3.36 
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( early relleclioii) , (l| s' 

direct sound) o jd^ t^JT'h 100 '^#aUT .[ftljS [S]Hjf I?;- 

n -Toif# nm^ i hj wlb i'b]±^o mf2.^^'\P jialit p p- i^/rfii- m s m/j- ig 

0fyf^iSilSI'tW-ffiWMo ilJli:^/z!3'J''JSMp■ Ml PP-- -lilvtJiM'- t^ i^l'} 

'/gP(^( reverberation )o 3.37 .v ^fltl ^ nt iiE . v 

1+!ra 3.37 hT5h] ,pi'^/zMI?l, M^<7ItifiH'tlH] Jsi;.ti7jJiipM727r^ jt - 

, b H' p 'pwp p 7 j p 

Tf-iS0P7#, MPfp:i^, )]7 'p fS P i1 >JHbfiili.-i t. |m] dinjj tB 

)fei7 100 ,ii4tS:i4Jriii'Jll7i'l'vif; 

^ ± b)t 7 ti D|^ II o 


-' ^ M hZ Jl '& ¥ lio S id p^7 7: 





Time 

IS 3.37 ^7ft1c;ttJM^eK);lP|Si!t#^iE 



Samples 


IS 3.3H ii i)t ;J$ ^ M fltk /'(f Pll J3Z 





IhIJ'K J'l-'HInJ (jlzfn!) ill fl'j 


r>|5[i'lflj3:i: 3.62 3.38o — 

V. ftPit 3.67 


V [/; ] = a • .V [/; ] + x [n - A'] - a • y[n - A'] 


(3.67) 



i'nUJfiT.. (!Pf?l 3.39 .Ifl 3.40 fn[?| 3.41 


o 
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lO 20 30 40 50 60 70 80 90 100 


Samples 

a 3.41 ^iiii;J^^,A' = 6,a=0.8 


MATLAB* 


a =0.9; % the all pass coefficient 

fs = 20000; % sampling frequency 

ratio = 1/25; % l/25th of a second for reflection of sound 

% reflection length in samples: filter order 
reflectionLength = round(fs^ratio); 

% impulse response 

X = rand(l, fs/20) ; % make short impulse signal l/2 0th sec 

X = x-mean (x) ; % get rid of DC 

X = [x zeros (1, f s*2 ) ] ; % pad with zeros to make actual impulse 

% filter signal via all-pass filter to make reverb 
y = filter ([a zeros (1, reflectionLength) 1], ... 

[1 zeros (1, reflectionLength) a], x); 

soundsc (y, fs) 

^^59 3.10 S2|s;6^^ii;gP|S)f| 


tfM MATLAB* A A 1/25 fi' fUi'i.A 10 

m in iw m «ij m A M . mm - m \t it o 

Srliriider, L()fi;aii 1961 ;Sclir()<ler 1962) |^l: A l .'/IA'I"] Alfll fAi ]' A'ih'i'J (il| A . 

A-ff if! f'J! j IJ ,1ItrUl I ^ ill] V fij A ibAlAA i j' 

A 6 ii jijiii' illl^l 3.42 I'lf 4 A 

flliii' /i: ^iiii Ai- iJli A r -n l a- i J- Z . lU m 111 it iv. pt 1 1J't t a ii iU:iA 'ii iJ' itj t I; 





fn iHi M ^ jij M )i mMx m ^-n m mm o 



m 3.42 




Madonna) Music,2000) 

r^iSfit?^tlo A$nAftli?-AA • Jimmy Hendrix) PIlJi^fflT Dunlop Cry 

Bahy JH-I BiPi”• 

^;^S(Paul Lansky) l)'r]{1^|i^^iM} ( Mg'/?/ Traffic,\990) o jSf^f^nn ^ iff'/?® 

K'J, }k ifij ff JS? fir WnJrl^ty:#, ^^pJt ^'fi? A JR ft 

M. I*!' ^ A A m , A iffi iJ'jj ki ■^'j 11 ^ a ix iii fk —I'k ps a itu H'J s i^'^j a a , b 

r tB- Jifffkj A"Rt# fiH, fH ill VIR .A iff) ?iMid ^ T AAiRKiR)S A'J^5D/AnA'If#W IS o Hi i'f 

■4 : .n. fK I f/ij f|:. I. -'f: 51 J I'l^j ^ ijji- ku in m ^ W A A; A14^ i|J^ A A, ii ii It A 5A Ji J A € J? iJL A Jfv 

^F-/r-i(fillAf)ti!R ' Airr»idA--^Alf#nAiJPjIfiA'ii- R;llil AfSiMJlIi 
jif-AMikjiin-ja-«t$ijTAin±,iiiiA#Anirj<^ j'^^o AHniirA 


Mill 


Pfru-AA'Afie-o Ai 

MM mm— 


mn A M A A ffl JA })1 n a $|| m uH M . flk J L a iA it T Jj [id A iif A B A it, M A A 1^1 A tP iJL k'l M ii'J 


/■■•'tfMfllimtA'Af'f' 


A 


^-M4v^AdMA'Aii'J, AAAMffkJfiAll'Ai^HAA • AAdAjR Alvin Lurier)o l^ik- 

'A til f r- Vi JI -: 'A M iV) Unlti A '/A ifii I'ff] A., f ik fik ^'J M ii AJ Hi M M /i-: iil- i r J'l! A 'A lin' m m ^'J 

ji;i|i,|i/Aft!j'fi0).£r Af|Jjf1fnn;t^M<<JlcA./i-; -A/Al'lHO)^ M//???// /?? ?? /w?.i%‘/)o Aifl- 

fh'?'./> m A M-AiAHi illi 'AYk a ff a ' I' M ik- illi Hfi' ii<j-kiiYViJi. A A //ii K = 
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“/ (im sitting in a room different from the one you are in now. / am recording the sound of my 
speaking voice and I am going to play it hack into the room again and again until the resonant frequen¬ 
cies of the room reinforce themselves so that any semblance of rnv speech with perhaps the exception nj 
rhythm, is destroyed. What you will hear, then, are the natural resonant frequencies of the room articu¬ 
lated by speech. I regard this activity not so much as a demonstration of a physical fact, but more as a 
way to smooth out any irregularities my speech might have.'' 




w* 4' 6 \ ® >15 41 ^, 11 ^ m fI 'J M 114^- ® ^ 


/a' , 


Cl 


yU , iPi 




m )I;K 4 ^(^i] iit Ct r ft ^ m , K 

K^u^iAo AftiDSi-tfijr 

• ^f#fJJfi(Pink FloycDflMt °n«^#»( Ag.vJ977) • fpf'ffi 

( Bon Jovi) &f) nn {-^ tif ^ fill 4 fS )) ( Living on a Prayer , 1986 ) fO /iZ ^ • fill ^ f4 Wt S ( Mrk 
Dikovsky Banshee Talkbox ) ^Jf '6'Jf^ fifj ^ PHfi Wft rm { flAifiiM) ( 7’iihc 
Mouth Boiv String ,2007 ) o A fA” ( banshee) 

fS W A A A ^ , in A ft Eftf ^ f y * f4i^ 4^ ( HeniT Cowell) lift ^ W ^ A { A } fl'j fill ^ Fill 

(1925) —ft .a imj im tti # m # 1 4 ^ -a yi m. m a . n, sl f n it rtj ^ a m 4 ^ f$ m 

^ A A )14 ^ A' ia ft 'm ftij, jEin ft ritl ^ m ?I m n fi 1 ftf ^ Aff^M ^ 4 o" 
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M itt, nij ffi ^ ± t i.j- j f = a<j ir,] , |n] [i-t ^.t !i;i;i kl if, M m tH j(; U .t 

6^miimU:o Mf-nitW-S^^5>fti^'jMitiM.?I1 fl1 fiA< j^ rii; 

o 


f±£iVM££^¥k'&—i\\^MZm ,1^ 1<:£tV£ iJii■/£ 14)jic” ( Muw. svmiiesis) fA fli X:l^fiJ 


K^mmin^o tJU'/i-R)35irEj^X4^;/j£7f;£.^Mi)Slt4>ErE^^ -lUt^'E £-}^>R 

^W£m fi<j#ijdt^jR mm hrr m£\u im .>i;'i!4R'Kfii £l ri^jt4 iei/Jc £-r:'R 

iE # ill I •& R die d'J !fi- M j’lV m ij '/lit R die, R iE fW fJ fV: k\\£ 2. \ I'/f /j R j i:' I'./' R't'’'! 4'--. 'Y'- i E R 

H^,A' JY)RtiJE^4Rji;'JI'Y)-fjRYj!l;-5!4HA = o \H<£knmm ,n 'Yr^4Y'.'')-]--R 


r • E 
1 ' 


^ sill [2iy • / • ( 2k + I ) • // ] 
> ['?] = 2^ ^ ~ -- - 


A = 0 


2A + I 


c.n 


m'i% |•.J:^>fY^^Jl-^|;!4'■RR:^|iRR!l;•^!d^^ ll|)'l-diei'i'jf,jR r|„l REiR E YRtui Ji:l'.i;'^: 

jJtRjh ]Ri;fAj.u:itiY)iE-|i>JlU 2 A+i RR/:J- J)|iJip,v,fiYI>ifj7YiiV;)iel^^ lEjJfRjindi 


o 
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I?1 2.1 S[?I 2.3 J /„ = 1 kHz, 1 , 

3 JO ,50 JOO fll 200 A) ,lfra^l<J±|?|( 'if l?I) 

'J'j 3t< . v ^(ll fj IM te ) o 


}ltljLjJ:.?^2(/j!t 









2.1 wW—J'5.— 






!ij53:iE?gjJ5 



50 

Samples 


50 

Samples 









0 50 

Samples 

2.2 10 J'S 50 



/>. 
1 I 


50 

Samples 
IjIc/i I fl'J 


50 

Samples 




"O 


c 



50 

Samples 

2.3 100 't'S 500 


50 

Samples 
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T 'n h%'{}ii^f^i\'} —-P<l '/'J 5t Iti- 4 tBj *1'!'! IE I'tWi^^} Lii iJli 


1^®5)'M'A;-n( ittm fe (I'l^Z) , Pl'J JI-Pif iP"J m "T^P^fll'J 'll P'J(iii.'ii;"'3'- 


iiii^, ^ '/& # ffi @ o 

ffliE?2}-S'a Pic-n bU/ilifflfW, JEil^-;/JiliJ ^Fi^l i^J-iffJ/iiiJlPic, H ^'iliStiFici'l'J'PMfl'L 

sill [27 t • / • ( 2/.' + 1 ) • /I ] 




8 ^ 

v[«] = — 2- =^"' 

7T" J =() 


17T • ( 2A- + 

l)l 

I 2 

I 



( 2.2 


( 2A- + I ) 


^ ‘ffA ft fiic fi^J M It jfi lii nl 11J Ilf] Efi fj^j jj im fij JiWit I.?', JE' I' fi'ij fE ft T Vti ^ b i it i lif 

'ik In fP] k ) o t; t- i/fe ^ Pic - # , ^ lit if f id T , Mi =f It Pic IE \fk .It ^ . ifit »f; 

Hl^iaTlig-ftf/Jco 


y[n] = 


1 


TT 


K 


X ^‘‘1 


A = I 


^7T • 


sin ( 2Tr • f * k • n) 

2 J 


k 


(2.3 


IE Iff ^ A fi t4 ® 6<j ^ JJB fi ^ Pic t f fX ^ It J T E tJ fi'J It =P lt Pic '3 . it't 11 i A lit -t ^ Pic, tit it 


f j' 


Hammond Organ) it It — ll'fjnft o'Pic , it tJ Iti tT Ei ^it fi 91 'ft ft t fi 9" tt 
M" ( tonewheels) ,iiti 9 AltlT'i^i$tjiitE]^lfftiPiclItliEf^}.^li'jteff o fJ|i Aliftl t.ltit4Etj tl ' j 


3. 





“ A ”( Fourier trairsform) N.T.fSlJlji it • • El-»'/in| 

(Jean Bapti.ste Joseph Fourier) fii^Jlittfl'JJt® Wl^lfll^ti fi'Jo nt W A., AP]'sct^ ^fh 19 


r</.- !• \ 




fin lit je If ^ o fill It fill A ^ Pic A m n H iis ri<j m a a , t> m itt f# m h ff a 5e m ft - 

lit M 'M ipM ft m ^ ?A i'^ fit o 

n||b]/jipi^j^|^l^ijf^._'(^Hi'^^i^( eonlinuous-time and eonlinuous-lre(|ueuey Kourier transform) till 

A 3. \ ,Xkco) , 0 J a rad/s,. v(/) Anlliiliftf'fctl'jilli) tft'/ 


+ X 


X'{(o)= x{l) > e'>"”dl. 


(0 


R 


(3.1) 


— X 


±itf$AHt«iIA^ARtAF/AI]9dnJit-thtl|lMAn|-^»lErf:ii'Jiti>-1>fttill K: 


/ 


+ X 


- X 


.v(/) 


<ll < X 


(3.21 


rti J:itlER'"T'in,Jjififtft IIK firfllHSfiiitt'I^At-fE, R'/iy.iiE '’EEii'fi:-Aiiw \f,i -J I'l'Jfit Rlfj M 
liAAIfit^ro ATft^fEilOoriAiPiJi'jcftRftM^iJiilJi']^^ >y.n| 'liitd.'t iiCtin 3.3 Pif A • 



(3.31 



mem is? 


L it 2 p rl I It m iJii ^ bt -li|] 31 il flr li # 'm m l-n ffi iiL IE 


Jriit 2 .i iW/Ko 


4. 


'Ffi- 4.1 f'l'J-F flljfiit to nl^ti^i^it 4.2 0 • n H4, 

|4!'w^j litfii t/ fl'Jfl-j/.H't!••] r^j^ DT1'T( discrete-time P'ourier transform) , fF it 

4.3iKr): 

flr/dH 'SFt 1)FT( discrete Fourier transl()rm)o fUJElF0Pj04 

I'lIj r'2l ni IL 01- ¥A RriiijiEit 4.4 -RH-t m^mi$'SL f I'^ iu 04IR^itfi 
¥¥\-''^¥Atlt{l(f.- 


{ 


+ X 


— X 


fi = + x 


I 


// = - X 


e'‘“ ^ e' 


«/t 


// = + X 


A'F f^) = X ["1 ‘ 


(4.1) 


(4.2) 


(4.3) 


;i = - X 


+ X 


X I -V [ /i ] I < X 


(4.4) 


— X 


DTFT fEjj!)i':S:l(iillit4.5: 


^[„] =_ ['"a"(^) • e*""V/0,/) e Z 
2tt 


(4.5) 


',(',/DTFT (l<jffl4jJ!4Ri'T<>^r^fTt(l'J /Li nf l!jfifl>Jd(/RfiJjt A^;4!ii4R -R DR’ W^(1^ 

Mt'ti/!4M4tl:ff'lRi'i4iE) o DTFT f!i!)IJmJ l/ij H iE34l'l'J 'KRi :^J'jHil^/MW( radians/sam|)les) 6<j|t 


Jf-[Vi;d:Jl!iiA4;'bREii^D%fRo 4^i4,lt'r'4iii4'-4R(F I4,‘t®t^iit04fij « • r/!ifxlFV:rt^J.-J 

jr-4RF|n),DDr lli-lTEo 

D'l'FT {1411 A' (1041^1 it'tiltflliw A(hRo x404lu]iit^fnR' ^(R 4E04M 

1 •.i41J- A+1 i?i / |-14 i'F. 11-- 7li'RlT, ifii x4 F 'tii! 4^$lll I: (i4 4^# W'lAPf14- o A F MW4- 'M ^lli 4: d'J 

tRTf (/:0Rit414iA4l4l4004'f^ii:FM-'/:0|-'3441 ^/d 

(4f 1441:,/iRr^n DF'f fli4ii!4'F3FFf4R^=ll-A4il Vj;til, 

4!)!MW(I'JF'/ v/.i'R.^=F/R'j4iI;, Itl 4.1 !,i^y]'< ri'J,t^‘,IMn’’} rln] A$nliAfn 

ii'RrRAJ (RHIV:,JR|R.-A/i^ril4!!i4RFIto ^ 

R4.2 Aili-.i4:«llliJNtFF^Jjt(i<J^.RMA iii/,;F4F4-'-A44.i kii/ ri<j04Fjt,4,i,*i$f,i y.vln] 
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1,536 nrr Jiir^ 

4.3o A' ^ -‘^12 AIr «7 .V [n] jyfWi¥:f^i'^:l'J 512 


.v[/,] 



X‘<[k] 


S 4.1 





C- 

< 



11_ \ _I_I 

0 500 1000 1500 


Samples 


S4.2 1,536 ^*# 


f?14.3 6^TI?l^n->]M1>i!tJ512 512 

* 1 ?-^ n ^'lAT A-o Mn't®fi3tlC)Afi'JHtr 512 tii'tM'^f#. i^tf# A.nl 
512 i' \ I'JU Irame) ,^ i|||}i;{l 1 r^^l'j 512 t $51^ A - t lit 


PI 


11$ .r $[tl( $$!^4 i}1 ) A$51-4^-$^1( liequency liiii) l)in) ,. 

W M M'm kcb fetjfcv 

i.y. kcb &i\io ~ 255 

^ ^ 43 o Ui yii ^ , ill! ^ a H ti' a rtij ta ^ $1 1 n f; u . yji I ■]• vx It n w? ^ t- rtj m in ft-; t- 

24 . mt a ft in-rtj ii> ti 

vJ^'^y [ iill ft^'7 441,000 t't:ftA'.',/ft'( ^ t'Ml it tt-r'’fl'j I'lr'i^ fnail"lty 

RdB iii^-'^-5>ffrfiM'^tlfTrfiMfeSiiiA^ - LX i '/x 6 iIh;! A'T'fii .'d-iMra At A-: 24 ¥>\n^ 

t^ttftrt-f 1/4 #( 24 i|iiV#i'i'jft?fr;) ,l|j H(;b IW a tI'i'jft-lU 6 i|ii)rA— 

u.&Minfmirrwminmn.u^o A:i4-if>firf.i'AMAf;j44ifMitt.$iM^ -fi- 

fit RGB MMfuUo fAtJifV l-.t,vAitltitllli^5jjlMI||fil4a0^ f" J,!;(V.J,f'(p,i„u.n- 

(.loi-,l..main) , l^feMf^lfl^t-iaiWl^tfAW^ RGB ^ At( t "I IM ll!l'A tiff t I'I'jW ft: A • 
tl^tfir'T'itfo IAilt,.v 4iliiaAAlHt'!i4AtttiJ I'lli RGB A'jil'i'jfeMAiaj. <illl^l 4.4.. 

l-.nJ'.j |•M5lJiil4rA:M■t,JIA;>f)^•||lllilt A512 ttft.A.lfll t Alt- 
it'I'flM 6 tmf^!i|li]i, f4i|lij!|lj.||| 512 t tft,'.''ft fVf'A 'T( fAlltj RGB •. . if-ftllJT 512 Ml {] 


c 
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< -0.4 li 

-0.6j'l 
- 0.8 
-I 


500 1000 

Samples 


o 


180 

160 
140 

120 


100 
cfj 

^ 80 
60 
40 

20 !;' 


X. 


nmit ■■ 
( ) 




Time in samples(n) 




-J - ' 'Z. 


50 too 150 200 250 300 350 400 450 500 


5121^ 


512^*#* 



300 .,^-400 




0 4.3 





»i /i*!* 60 11- 




h\': riiir^iffc/n-{!J512 512 

fill 512 tiWf I'l ':J-o n;t. AA il-'JA^h M: 


^ In I fi^j iii tH ^-,512 1- m M fi-J 1 1 -; ‘li "/> ii!: 'k 5 12 M hi ^ # hl^ fi'< / -1M 


m /i-: l"l $|| ¥• m¥^) 'j^ f■• Iiu 316- '(k /lA i\'i Jj 'iilL iJiI 'Ik 14 Ijit I'l'J f^'l T -, J I-1'.'/ < 1 ." l- 'Ji :¥k /^i 1 1^14. 5 , 1 1 1 1^1 

imMifik 8 ^"ll•:'jA^;>lll:( 41 -—liAi-ficfu 

^ k\m¥\nri ^ 

If]it^'I-31 mm'km, Iiii'3l Al4-|>A:2VaA( lll \\'M¥\<k‘li'>'hh\ 
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m±^5\2 5^0 miit,jEmrmmmm,t[m^-mm 256 *;. 

3 Jur^l 4.6: 

6iplJl 

“RGB'*"^'” 


Hu 




set SS « a 



(1> 

'T3 

zi 


CL 

r" 

r- 

< 


A 

255 



145 

iv 

G 




10 


Time (frames) 

4.4 6 RGB 




m 4.6 
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a 

^7 




/j = + X 


■V'( 0) = X ^ 


(4.6) 


n = -X 


S + 


e = cos( 6 • n) - jsin( 6 ' n) 

(-^ x=t et ihi w a # ts i^]), ra la * o 

/,Hz.it 4.8 ^ 1^*®lzo 

2tt 


(4.7) 


2 iT,t0^TE^(i^O 




(4.8) 


I'eJ]RS. il't:(d:W 2tt/n o 

6»[A] ,A- ^^^^^■t!C)®$l?-^(l^Si[(ii'^lJlt0M$i|ij)i^l!{Oo tnT^4.9,N ^ 
OFT H^®it)t(fj(5'iJ /V = 512)o 


lien 

^[A] =-,0 

./V 


N - 1 


(4.9) 


^^it 4.6 0fflit4.9 ftA^# DFT Jflit 4.10,^'a,r' [k] *^i([^ipj)!it 

If^r k DFT [aj] No 


n = ,\— I 


^ 2Tfkn 

X' [ A' ] = ^ -X' [«] • c ,0 ^ k ^ N - 1 


(4.10) 


( 1=0 


lMj0d-^tt.-tf'J^ A- Ait 4.9 ^[A] JOit 4.11: 


0 ^ e[k] 


Ikiri N - \ ) 
N 


(4.11) 


d[k] {i^)M 0 M 27r,:S^J^Aj;it^jJ^-fa)j;i!!^rtiJ|ii 2tt/No 

0( DC N ifn0d®ftii) A 

DFT IDFT 4.\2 ,-^^1 DFT it IDFF fi^J N 

W: JnT: 


2 IT Ah 


X 


I A -1 

[h] =— XA'[A] • 

N A = 0 


jl^ 

W, = ^ v 


(4.12) 


(4.13) 


I (J i^: in) '¥ t(i- ^7. D FI’ tli nf it it 4.14: 


fi ~ N I 27 tAh " ___ 1 . 

A"'[A] = X 

n = 0 


„ = /V-l 


/I =0 


(4.14) 
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4.1 DFT 

Ftl DFT A"' [A] 




DPT 


fiiT DFT 7Kf^-lM^7K , fm(tT5>t/l' DFT,X=tT 


ipifl A, teftif 4.16, tBfiS >lS.iE tJI 1^11^, jt 4.17 tfr7T <: 

A"' [A] = +J/)^ 


I V'' [A] I = yai +jhl 


(4.15) 


(4.16 


A.V' [A] = arclan 


(4.17) 


a 


[14.7 ^^i±5T32 /-?, dft ^p ti^rt 

ii DFTAV2 dc 5)'tt(0)M^swT!j^ 

M^(A'/2 -\)mX)kiiX%fMW-'^k = Q ~ i5o 16 

[?I 4.7 , 1if|]69 ^ J^(lP^ 4.7o 7=1= 

44.1 kHz e [\5] 2.94 20, 671.875Hzc 

-1"“ *’’TT 22. 050Hzo 



0 22.050 Zi^lOO ./■ 


bins 


discrete 
radian treq. 






0 4.7 DFT 6^3(^?^x!t#tiE,A^ = 32, /,=44.l kHz 
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4.1 


-'Tf'- fi 



/ifx k( Frequency l>in) 


'N 1^-i^/p /fl‘'tSi ^ ^[^'] ( Satn|)le(l angular frequency) 


Hz) 



61 [A] =2k'n/No 


/h,.-/, • {k/N)ij^m-o 


4.2 DFT 

WLRn-r^\mo I 5 

DFT 128 4.8: 


o 40 

"D 


a 30 



40 60 80 

Frequency bins 


100 


120 


4.8 10 ^ 


128 * DFT 


T A'= 32 A'= mfn, 128 1" llll ifl] ^ 32 1"( ^44100/ 

128 = 344.5313/. M^'in 44100/32= 1378.125Hz)o A' fiiif'JMi^jfi^J \,024,W\‘WV^^¥^\^'\ 

Iwii! 'J'J 44100/1024 = 43.07Hzo liii-r-^W , ^{l 1 itb —>1^^'?A liii ^S^ 

fi<j Ui 4' i|i[)i "It Y HI — Ip Hi fI:'P.Hi, |ijii If U. 4’ Wi fi'J ± (*tii! ^JP), ^ '^- Hi ^ p IH ^ # 

.'i. uii/ 7 P^ii^# 4 :/j' 4 j 1,024 

'H- 1.024 1024/44100 = 23.21 ) , W'J 

p:riHprmmi) .32/44100=0.73-i^#)',/,?'iJi-'ii i<ii>jm# 4 ^o \w\iii^iPk\\HmmirruH\p 

±PP\. 024 ri<j 1 ^ 1 , f 4 - 23.21# ^ I fti 2 r4 53 ] t in w, pp "‘J- ''> •'’'J '■ 'J 

H'li.'jfMI' iPl^l4 9- 

wxman-z —uiiti>i)iii«!«»»pf<&PfflS"'iw 
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lime in 
samples!//) 


lit, Fi=i T W # M S Lt ^ , W\ tf: n DU’ i<: II HI, id S- {\- MI)- 4'- ' 11 11M j} m .-t I' 'J ft tv 

DFT i5c)I:^^'>u/l'? th'/IWfiHff 111lY FlRlHil”P4.ii: 1"l'"J.V!j. I'-’ 

li,i¥ET1^c 


5. fenl-ff :iz:Hf^:£|^ STFT 


I I 


DFT # mm til Hi m 4- ^ HI tf- In] Hi a? 1^- n Ipi M t11 H| M dy -'p |'l| 'll Pt di 11 ] 

^.+, il N ^ o I3|l ^ JH M In] HI -(^ m m It 4^. VX Hl h| M I> ^ "M? - f4 ii ^ it ill 'ij- H| Jjt 

tnUl^j JjtD‘^?4^6''J ^’/i/^ljZlIljl/^H I'114 ( slioli-limc Fourier Irunslorm ) it P fil]'Y’-iH) t. {j 'itH'j 

2 1 plMlli'ill*Wii-|||fU„ dft WhIJh i-. Vj-Dv 

ii,sr6litii!-ti'^4^#fi<jlc/MiiN„ liimt'la'IIIli^ii(iiop size) i>Y r'r4 IHO;. iHiira.tii'j'Vt fr 

o irH'ltiid:4-IH/ajilinlt J'l^i Pi^Mil Jll$|ii^ir4tf 'F>ft. fii 

,,J-^|< II I'll !|-I)i 4D|ii)j Qi i-t It-ltd. ^1 JPiVlil'lllll 


k44ltll|jli^rt>j)|^i4'-i|i!ll,ia t/l'lii4D|'!)(l'l|^iI. lAifii fi- pli!lii|'''j Jl-lipr'- iV llpra'l'jtni't I' it 

i'^ j'H|Jii)tl>fp4\„ i:^4^® ioj, it HKi'j DFT ipilitic 1^— 


11 . 
Oi !• 


i\-i 


^IYDp!ii4 


■;;jH|J}.lc it'Ilf-4411 In] HI FI {)p.V I'll 

■¥o <1 ]■• -till'Atlc/]N|'l|MMf|^HIMi>'fl'P4'-n]'illj-t ^ il 'O;. ]i:'l' hop tj,V-ltIi'i-:./;'A; 


o 
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lime resolution = 


hop 

T 


(5.1) 


to :50%s.fi^fill 128 DFT ^^^tlMfill 

iiVliy^/64 tHiffi'.'.-;. STI'Tirr-4^HJfilJii#ffi*fnFI^®ftfi<jS^^^ 5.1 40 %, 

fii^ir-12.73 

/III iWu-vm'] i)i-T minmm sti-t 

ii'lMfnfi'i/I'l'jiMii'Ji fI-1 I'h] 5>Df^ 

'>!■ f 4^, P'l ii-L ft I li' T-IH fi S11 •]• \M W ?i, s'rrr HP mptf. H-t M f q m tsJc 

sTrr dft WAo 

12.7.Vif> 



6 . 'f: m ^ 

di-t n^'Jto.w 

54 t;f:-ff-AV;fi<Jiitti'M.i'>4'tilJ^ 64 ti^ft'-^fi'J^iitfr orr 

44100/64 = 689.0611/. iflllltt^tt JI'fMm4}fi<Jt^ff-7f-64 

/ii( /.;ro-,.a.i.iing), \p.hm\\m\Hikm-m\mm\\'mi\M^^ 

6.1 lilf/j^, litfl'iJnfJIJ 10 tHs'.V;4ifl'iftW':fHl 54 >'• fiMH^/o 

/lifctl-f‘i! j11 'ii Afi^J I)I'’'I’ Ivlii; VX ikU iti A'fi^J 'M Pt ^ . f'" -k 

'/'f!i!ii’‘[' A"I • 1 Jiftj- fMi,m\ r4i4i>ffi'j(t)4;fc-j!r44*Jii4f41ft 

^7tA4!f!ii'^fiMnl'.,4tl!4 l-.fUlH^i] f t' fffto 

4' Jii- 54 (4., JCJUl rtA'Jllit'.'/ 9.ll| '.S:ft^ ^’l'''^( last Komier trat.sform ) H IP-tit4l'111. 'ALl5f) H) 
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I I_I_I_I__I_L_ 

0 10 20 30 40 50 60 


samples 

S6.1 





a 6.2 DFT!®it(±a) I)FT!®it{Ta) 


l?I 6.2 6.1 nrr ^e'R^I:n !^.l)l-T 54 K 

5 ';>1^)rH'] i:q' A: 'Jn'A; M 

# ( if S- ^ ri<J Ji- , jtt] m ^15 'A ini Till' )'KipM fi'i !pi;i Ifi |'|<J ^ t- ) 111 lU I •. IW] I^l I ' ]■ XlI. |>;j^ J' iI'i -it If I'l:j 

54 flllFrifi'i , |Wj titiilif )L f- lii —flfif, IM 


lit, iiiiffi/iiiMMiii-l r'^ii'i ^1J|5 i NiTi fi'i. DiiJ {\[ iKiMjil; f-r'=^Jfi ■Tiit'fii'JM.iii frW fi'i ifi) 

■if'f lil-:i'Jlii/fi'i):i(iiilto ^ -HnJJi!!! . fii, It I'J lUi?;-. iii nn- ’K; if. Mi fi'l 
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B ^ 011'l^^ Ij a a ^4 ^ ^ 6A ^ E, 0 Itb ^ ^ I® {S 

7. 


tio 


I $4.2 


6 $ 2.1.1 17 





n i> 


2r5pq j 


47j/p 1® EE’/io 

0,EijE^^ M^,^ii']iiL^it • E^^#(jean 

Haptiste) EEii , Eli ffl #S —iA'® M Si ® ^ fr>) 

fiJJIEAil:,/ifE67^f'JfP^iffA?±W®$v£0MKE 0 M TT M 

./;/2Hz, ir.3 tt .—ipfj 




FT(a >^) = FT((o^ + 2tt • m ) 

7.1 iif7: 


(7.1) 


✓ 


X\oj) 

A 


/” 


N ✓ 

\ / 

\ / 

\ / 

\ / 

\ / 

\ / 

\ / 

1/ 

1 / 

I 


-371 -271 


-TT 


0 


71 


271 


371 


■> (D 


®7.1 


Ftll?l7.1 +TT(wScOM2TT);trH],Ftl7Mi^^EWti#7il^^.?.,0 

ii-[:-j(Eil:[:EJsJi0,?icfnK^i±E0§B7—itbE,init -tt M +tt 

i # 4 . 21 ?^!^] 

= IOOHz,M)^#)ffj^Ftl lHz.5Hzi^AM20Hz.50HzA5Hz ftl lO5Hz,0^ 
EATfivAlAM 128 }^MiL^f^W;i-mm 7.2~|?l 7.4: 

irig-olf)7j4'ii^.,j7A-'#. I H;'Rl¥fi^(JiJi,^1=¥^(li5HzA5Hz IB l()5Hz D: 

A , ifii sohz A' oHz fgE®E0)jiJo |}il?l^^-(J, 

I InjHAinnuirrii'rT(//2) 

f^fiA TT M 2 tt i>jc,/;/2 M/,;trtiJo l.aiDil^E 

rfti III ri'.l Ifn.k/ 


7iW;l'i/nJjtij'E:(®j^.-?®,in0 7.1 Er/K 
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Nomializcd frequency (discrete radian freq.) 



Normalized frequency (discrete radian freq.) 


@7.2 lHz-^5HziE?£®6^lt^it 



Normalized frequency (discrete radian freq.) 


— 

- 1 - 

- 1 

1 

- 

- 

- 1 _ 

_ 1 _ 

_ 1 _ 

- 


<D 

"O 

2 

■| 

03 

2 


0 


0 


0.5 


1.5 


Nomializcd frequency (discrete radian freq.) 


SI 7.3 20Hz ^ 50Hz iE52;J^ 






Nonnalized frequency (discrete radian freq.) 



Normalized frequency (discrete radian freq.) 


7.4 95Hz ^ 105Hz 


8 . ^-1 




pi'j # * m ffi] mmwMo 


8.1 

fntl^ iatz-8 2 16,000 ^fa]^'J ^ [n] iS 

VA^'A^W^'^, 8 , ooo,Af^AMiPiA)&'AJ—'AB\^A 2 


X'(co) 


iPA'S-A 


y 

• • • 'V 

/ . 


miPA 


mp^ 




\ / 
> 

/ ^ 


-371 


-271 


0 8.1 

r&rM^mHH-ifmif,.ii»m -tvwsiinci«i7.1) .uiki-f «jitrr«*tf (m 7 j«») )f« 
««i.‘i3i., rhi*i8.1 i-.iiii'-i 7 -«rm r m ft,-. 
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mnSio m- it '^^tu\w- ts#,^ m^ t ies ti ^$55 

^ (i! ^'t ^ fii 53c H ± f - 6'J IE 5^ fi iE ijJc fi^ S ^ m ^ 3 ^ # ;n fS W ^5 il ii ^ M fft 31 fif; iii 

- tin iHz 8 kHz 0^t,-t/^aj3W 8.000 t3E 

lf*so ^'JT2 Hz 1 4,000 31 


,/jiic3EE^^^f5E!%i^i^3Wfi3j3+iEt--R?ii!3c:lE, AEifnl^i^ J fn'R'fi^J^'^i^^aSc^iJnJ^j N ilh, ii^ ^ 31 f§ 

31—2 f:-iiitt>^fiJil-x=tWii^fn 


P TS^'-^ 


MW)o M^^WlE^gliJillfMfl/iiic^#.Dl'JWi^^-^R^ijn-1AHo 

3^. ^ri (Hfill''® 'f-M# nT W 3 k M T ( Pc.rat 1997): 


•y;:»,(^^) = - I-V' 

J/ m = 0 


'*' ' fd - 2 tt • 


V 


1 / 


( 8.1 ) 


J 


im ,w 119 tsit ^A^knmm ^W3t 
3^ M W Iin W )^J1, Dt ^ # M [)3 j 3 ® it m 1$ j): n 15' ,Y' ((^) ^5 HI i" M 31 f r Sit in ii^J l?l 3l'5i it 

(W .4/) o Ellif.iinitC W-TT M+tt ;tr0]) 

M 01 ttlj 6^) - W , 
.i/=2 Ht.lf] 8.1 Il<j3^)i:-51-^in^#01it 

8.2 tSfWo W8.1 ±Tr 3cb63l)Wi!nit'|fMlt2-u m = 0M 1 

7^ O 


X\co) 



8.1 0=±7i3iS±6();jtziRf 



m 7(0) 

f'J3ji:nbl=Ejii(.v'(^^)) 

ilM (I'f 

iman 

±11 

X'(0) 

0 

m = 0 

±2it 

\'(0/2) 

0 

m = I 

4 * 17,0 

V'( (l>-2-n)/l) 

0 


k j 'm <k /i-; u k tt I i'j- k' 13 31i 3! 4<. '/li ^,',11- /h iinic 'k IT^ A n 7- it liij x-jii \ i;\ '.> fijt M m nic. in i 'e 

/i3;l^WnRIV:.^in|ii3infiEiiail;}iAi4^^ I'JWi-t.iiAf^i (iii'tEi R/r 















xurn^^i^o 

S. ^1# p jjn AfE£ii?it>i^^o 


8.2 

%J 2 f)<J H 3^^ If, ff ^ if W ^ J?. ffl ^ fuj tfli A ^ 1" # .^.o if il A # 

[ lill^j: An'IM±6<jrM(expansion) ] ilgf',7.1 ATffl^'jMitlfl 8.4o 

jI:^II|icfn^Trjr^it6^jSf5#,il:3i^1f-^g/Ji3j^1fA;^tl‘'ATo \M\^ 8.4 nj 

K . fiTr i.y. A # in HJ - ii Jh 'M f? A tt/ /. fj f[S ii fM fJJc l^f fP |{p * n ^ ,'^> ^ ^''} it A 

X\(u) 




12 8.4 iS*if ,ia^/^ = 2 
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'-Ffr-)|ti'i;jin],'M—f-iim'ixii' f-Hj - 

f?i 8.6 ^^;ii r-i-'^ii$>¥-f=4()\hjmi^ \ hz .i:.i^! v.j 

L=2 m X m IfTi ffi fi<j h in "•, k m ^ ir m ai ai fn a a h fn . iit 













9. 


2 4 


Jl Mi T- f I • i:. 0 09ii if (h ^ ^a, JL f- t|i # m m 0>t ® rr o ig 4- ^ it , B it RMS itw, 

ifi) (jni34S®lliJ iii^0P!iJiIirrli/]itii9u9fi, MIh ^it0^feJt±?^4ilf 

iliWAI0ii9(j^sijiiJlf#fito Silt, A Till; dft 
ft-iSir Di-T n9-TOS-j2fc#^iIii90M®^5yo 


t'tfllfr Ari9±'>i;-#^>^±I|( main lohe) ^^^Kside l()l)e) roll-off) o 32 

,Btiiftgi Ap/ij, riti'fit 3 tiiS-#ifXtt^iit®jt#n9f:Ao 


i A 3 iiti- fSiJ fi9 t.f ft # if A ft T H^t r€ o9 sy JP l?l 9.1 P9 ffi 
■ ij iiii {it')! mi:m& p9 Jii (g ill A -f i«i A fli t> mikiinn^wm^o ± » ^ it m ^, ® w m 

it m 9 ift in. ¥\-^ A # m # tl# fiH lii-Ji Pt ffl sy ii9 1^1 if, m tj ife B IP A *iiIt Ft ^ H ^i9 IM 
%mmmi'¥mn:mmo mmmmmmj^mminmm^&mmo iaiit,aiia90t 

it ll-t] - fPlMfStittStj^^o 



Nonnalizecl frequency! xtt radians/sample) 


'M f'ji'nAni'im i.o tjiifj^jitiii'^igytA 1,024 *ri9 32 tat. 

imnAjimiu- dh- 'tt/io <).2,iViin'\\Ammrr\nxn'j\kr\M 

Ufittf iifAiiifri9iiu 32 A'm'H. 'MJ'Jiijifimm dh' ''min ^»iPt?»^9-wt 

t^'KAAijig 9.3 iP|t|9.4 i/>);lj^gM', Till l-.jttiiftfM W/nM MlOllz ili'jlj/if fH I Lllz ll/jkM 

tjIDiMAiM ill W KittiTfl"rr('/M0t!iFi/fi/iiinUIW'I AW -W-^i A.Wt/. f ttii 
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^it4^^Pf't^7KTIEyiJ$51 ^^Mi$Tftl 1*4fPl'J^(1^o 44-1*4$51 M'l^-j 

500Hz-^i kHz i54lE?g^J^LiSttftiJll,^^4ift^'lR45i!,? fi/Jll/iifi'jM'n 9.5 )*)f/Ho 

f?fc^Ix:5>M4"4>53iJ^4)^z 500Hz $111 kHz iE®fl£5i4i5|(fi,fai*<IM$4n$iSiftIE?2iJ^A4#*HbaiM( 



0 


100 


200 300 

Samples 


400 


500 


9.2 32 1,024 * 



HI 9.3 S 500Hz it e &4 DFT 







1119.4 l,OOOHz^^fi^ DFT^^ 



9.5 S 500Hz fa l,000Hz DFT 

sooiiz m\ 9.6,soohz 

10% ,im\ kHz lE -it fi<j >P.viffi o rtI [?i nr ';hi , dfp mtH m- £ ijii ti ^1, in 'E m n if m ra u 

']■ ni-^irVa —500IIZ ikHz ■« 


rnfrlo-rn ffin EJ-ft-ftEJitiri:f^ijfif/tiBM,W15^^flirt'Jii 
^ii/i rn iHI^ rtE ii I >]'J in m l+l 0 ., N >;}% -1 - n-r fr Et# rr'ff? 55 fi ^ Jfe- o [^<1 irb , - fEL T , Efc tfx H'l 1^' 

11 -r, 'X- f'Ji »ipM fft u r# ^i-; " f frti rt<j /K f, ii f X ^9 T m m m fig ii r tut is rt<j rt >) . m ^ % r fi- 

n » 4>: ^ fi iiiii E'l: in >j I !ij w. If i^ 

F i/ii ill M iTi- - ^ in f'i I n *■ III 'P *• i\'] 'Nn i> ijIc 'a fr m rtE i«j 't i if 'i^: t/i' itn 4'- ^'t; 

Ei , lj.lU^i- 5001 Iz HilrF^fIJ 9201 Iz, ipM UW'j 'J'J 1 .0 , t,'i IE 1/111^1 9.7 o fj'1^1 ' I ' '^i-'J ' 

iEmkm 'f- Ii >Pm fit, (It t^i Hi M Ifii 'M Ii fi'i-H I't fW 61^ it (^li - ^ ® '•> 
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( Encounters of the Third A7/i<i) 't'ill Lil ,920Hz 'ftmA^X 1 kflz 

5>m) o l^ut, ill,r-i:€'0i®iff.M 
if 4' ± » ^n # if # iiH i51i n S m I'(n] , Vi x>]' |i/f i# ^!i! if IE m t'k fE.' I', if i = 



m 9.6 S 0.1 1 6^ 500Hz ^P l,000Hz DFT 



IS 9.7 920Hz fP 1,000Hz DFT 

i(ii44 )i7fif, m *iii!M"4if fJfu14- /;• iiif llJ4; K;)’f fjii«J m (i)I'r -li:Ri Iv 

ifii,ii-7^fi4lilt;/.mtt4i);>:fn i>f)ri'ic<d:i'IUi!j I i lEj.ijt 


9.1 

i i B 'i5T iiM'ilv I;i f J—ff Ii>J- 'liri iJ$ 't'J. lH 'fir]' 4 'E If IE- -• 14- i> 


—Mi'ift I ''J li'j IM fi'i 11- fi 4 iv 
ifiiii.fll^l 9.H, Jl^fiiJl-lil-Mf'ir’i:)'^ :/•; 4 tt/A'( N 'A/f T^''() , ■ f -^fif Ri'ic iir^J-13.3.111, 4 






HI 9.8 mmw 


9.2 

a gi n w HI iJi 1^; I? u T n , « 'Pm (t w jjii m irit«i® o hi ® Ji i# u ^ ii a 3 

i'lll'J Diriclilel kernel) jit It ¥1^4 ^^1*11^15'jS^Fi 9.6 To f+l 

-SHl n'j|.f.l< nf );-p , ti WHI clB, ±11^® j^8TT//V, 

Ifl ^¥- 'J'J 60 <IB /ifi m o IE 11 Ii'j W- ^ In $5: Ii^ ±H, s ± It Hb M 'lii I'Ei S IF ^ IE 

iiirii p 



HI 9.9 


9.3 HE ® 

9.IOr!/I/j'c,ll/!El!cllift'i)i:jil>; 87T//V/L:fl|tf|-'>^ltH)/|!j:t^-J-43 .IB,m|!|^409 20 .IB/EVHIo^ y3iHjJ 

rii fiI ■ t IIII'i a'■ IE-, rii fii 1 - .ir^mii^ ia- ii- '4ifi , it hi lem 'J'J i ■ it ''A i ii r- 134")] ^^r^ a a- 


iri IIIJEIt. ft - II ■:Jfi rii' i fx .li^i 'i^i rii4 fjii. iitxfii ii*■ niix 'if tii'I-I'TT: o it fi'j^iXT ix m 
(f-J 'X) ■ fi * It 'll '. 9/ *• '>X- E V. iX Hj] rif |nj 11| Oi Jt) *’■ ff f H -'} II! ii'?' I> Hr I" F > i'r {YiM'I'l ft hi 1 11 i'll "'i 





@9.11 


9.5 iTJtb 

, ^11 i?J ( Cliel)ycliev wimlow ) Kaiser window ) jl|] 'Ji Il'J ^ 

0fi'j R fi^;f’if Ik(!'} n^- ^m Mu 9.\2 fnr?i 9 .13 fw> k; 



@9.12 t;itb^^®,/V=2o 


A */1 








8 m 209 






10 20 30 

Samples 


/?=40'dB R^OdB 


0 0.2 0.4 0.6 0.8 

Normalized Frequency(x7r rad/sample) 


a 9.13 

JPlfl 9.14 fplfl 9.15,5>^'J;^-1 xJS N=20 fn 
A'=40 ftT6'jHtM ^'PMisX^nB'-iko 


Wit 


i®it 



9.14 bIIP^,jV=20 



mm. 



Samples 


0 0.2 0.4 0.6 0.8 

Normalized Frequency!xa’ rad/sample) 


9.15 Hfl?i®,A' = 4() 

ili/in4 iViiTrid^,,P<lilt, 'iX&XWUM 'T( 




•/,«)= lii lit aLM-I: 
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9.6 

{rr ‘^u.mt , ?)cfi' iNb^iii^ )('jii'ji?tT fli ^ i'i'ii-j!i,t i'i9 ti-1 u '^j'-jfkai'i'. t>r wj ^ nj 'fi] m m ' i 

I'H] I'l^j ^ iffiiij ii•: m fi'j iI'J- m ^ m o fi-:fy ^ir-t 01'ni m fi'j mtz mU . m ^ lv. ):i i 

B%] %] f^'j. sine pKi^ mi-mm «■ [n] : 


n. 0 ^ ^ A - I 

U). Kfik 


(9.1 i 


[n] fnri«]|ii]^ 5 ®Mj.):ii| '^f'l^ dtft kWxK. 9 . 2 , J!;'|' e 



\ -1 


(^) = ^ »' [ /( ] ■ •'■[//] • (’ ^"" 


(9.2 


(I = 0 


iMy^mm'-(£^‘^-,'^. 0 M .v-i n n' 

Mm^^-wzzm9.2 nr^bic: 


. ^> .V [ 7 ( ] = I . 


L 


A-I 


\'{fi) = X' • 1 


-/I hi 


n = 0 
\-\ 


= X (7'-'")" 


n = (I 


I - 


-;M\ 




1 - 


-/« 


ft J >A fp &]■■ iFj 




\'(^^) = 


1 - e-'"' 

I - e-"' 

/ /^Av: -iny 2 \ -jo\ 2 

{e -c ) • c ^ 




(7'"' 
i(f\/2 


— e 


-jO/2 \ .-Iff 2 


-iff\ 2 
C 


) • 

) 


-ifH \ -\) 2 


0 2 


//V/: 


-iV 2 


C 


) 




V 


2/ 


/ 


-lff( A - 1 I 2 


/ iff 2 -Ilf 2\ 

r -c \ 


V 


2/ 


y 


siii( • /\/2 ) 
sin( ) 


-jfK \ - n 2 



(0.4) 


'/ii ^ ‘ii'f nl^'l H‘ 


9.17 


M 




sin(• A/2 ) 


sin(/y/2) 


(0.51 


^'j — 0 ~ 2Tr, .A = 20 
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0 M TT^f/i S^ipMfSo 

4.S 1-J .^i,,,- —sine 9.6,ifPjisJcrafttjn® 9.18 


.silie(.V) = 


sin( 7T • .V) 


TT • .V 


(9.6) 




Dirchlet ()--2Tr , A^=20 



a 9.17 Dirchlet 0-2Tr ,A' = 40 
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S 9.18 Sinc( jc) ® 15 


9.17 nI^,sinc(A) 0 ffJ.i'ifj- 

imf^iimMo it mzin , m'\^n\>^m') 

sinc-(.r) ^ 9.19: 



HI 9.19 !J3— itfs^ Dirchlet ili^-^ Sinc(A') 


-Z'lm W- fi<j '#,^1 ji, m'Z fH'/^ m >l> J:*: b^l f{\ H- k hi l (tCil■.H.'■;IVJ O/; ri :, ill 

E M- iTi, m ^ '4\ \ ■. fi<j ^r51 •'•; M li Zi H>J- M IB iS- itDi i^if M H fi'J -1" 7u W: ;it l.'4 itiJ. I’vi 

I |-.f?^iJ^)IJ ,^ = 40, WiM l-.^i'', i .iV; 

P<liit,ii|'i^f‘'X!:ia^ .v iiic i '^\.'Ai'i:j>tiii.'.;®oi( ii.j 

n^m>¥-^AiiL[ty::^-,f= i//)„ jiiiiijaV:A;fi k j-:'®.ici''i'i'j)i;(iM,, iiifi'in- 

iwmim I 1-'^'AV;fi<jii^ii;iii I-. Jii^f';2'^.V;<|);./;);ii)B'iiiil<jzi}^ii^^ 3 '^^-'X'l'Ji^vy-ir^mi'ir-:;'*: 
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j; [«] =/I • e'"'" (9.7) 

w [?i] {^SLisX^ a? = 0"-A^-1 )itW' 0 M A^-1 DTFT X^(d) ,W: 


;V- 1 


■^'{^) = X[”] ■ ^ [^] 


• e 


-jOn 


ri=() 

.V- 1 


“ ^ w' [ n ] ’A ’ e'^'" • e 


-jHil 


n = 0 


(9.8) 


:V-| 


= .4 • ^ M' [/i] • e ■'** " 

ri = 0 

= 4 


rtlit 9.8 oj ^f=|:tl 01-® M> [n] X [n] ^ DTFT w [n] ^ 



M3\ 1965 ^,)$flJ(Cooley)^f#^(Tukey):^ni3TH'l*lt(Kj^'(i0^,M-i5li 

^'^l'/W0i(7lil( Cooley, Tukey 1965)o S —'14 M W & M ^'1)1^ M M Of ^'|^ ( fast Fourier 
transform) FFFo fH FFT l)"!)^^ri, 4"'Ts^^ffi' 

mm-nt ,dft 

'^'■'■&i(l''J ^xlS. /V , *^r:^i1^^'/nfe( iJivide-and-conquer method ) 5|5 jit fT DFT (i'^l'liJj^ i'tjP-o 

DFf DFf DFF ^ 


n 


ii^j^-1^iRf!;'f(i^j^rd^:^^a4-) ,jiB^B);iif!£jiJMfi^j fff %^ik:t 


MAKmw^ 4.10 mniimrrmwfmm^Ao Msi-d'j ^,dft m±AUMUA2 mm 

dft /v'|i/ri#M/v • iogj/v|5ii-o 

mA'mAm'jiAif') i^ftA N/2 2 radix- 2 , jiiui'r 

•„ ifi]i't;tiiuri^J DF'F fi'ij ? 

i |- ff. V F4’ fl-J- , A¥A i I- n (l^Jffl 1^ffifll-df F*/: 11J mr-A ¥■';>M '•'—'■'J 

Midd T^lJ, jAI'l'tlBylJ#jjfl(|<jdr-/id'jlllllf^ffllS ( l.utterily configuration ) ii 'K ,«lf>i4 d^ 

iifi y;'jrjdl(fi#ia 11(71^,1(11 1^1 ID-' ^n.'IlT 

m ft J: i- - fff ^ U (Iff W] illt^, & 1^1 lit 1(11 fff o fi'i fff ’(tI'l'1 ^ ’ ^I - 'J ^''' •'''•■' 


f-M^}l\i\'] FTP ii nm,ffi- 


44iff m 1 : 1 1M i1'# jJll ff |tl H 1i)''i^ i#, ^ri ffd ff I ^ 


o 
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10.1 -m\i rn^- fils':4.13 nf^An. ii\/h dft 




.v[0]- 


.v[4]- 


.v[2]- 


.v[6]- 


.v[ 1 ]- 


•v[5]- 


■v[3]- 


•v[7]- 




10.1 E.m 8 DFT 


lf\. = 

. 1 / 10 . 2 : 


1/ _ / /27T \ S 1/ _ /277l/ V 


H^ 




»► A'lO] 


A-'[ I ] 


► \'‘^n 


> .V'[3] 


> .V14] 


-.Vi 5] 


■ .V'[6] 


*■ .V''[7] 


( 10.1 


( 10.2 


1 I 







m 5 f ^ 5 -it m T # 111 K /h # !|;5| i'k '1' 1 I 9 r*;/ JIJ. n )e ^kar. x [ „ ] £- \ fn . 


/;j = + X 


y [ /; ] = .V [ /j ] *//[/)]= ^ .\ [ /;? ] • h [n - in J 


( I 1.1 ) 


/n = — X 


®I'J'jl^fiT,, Jtlfl^, LllJUlili W' 11112 H'Kfl-ninj (>V: n fAlilnli 

I•.fl'j lUJ-iKiM UFj f'-L ^111 

s': 11 . 2 „ (iiifcyi: 11 . 2 tniA-Ajii'j§iiii'i9m4i3"jiiii': 11.2 riA/i.iii^iAAfifiiH.m a‘^ia a'H' l'j'ft 
IHW7-Ji"TW^1tAi<Jo 

yin] =.v[/j] * li\n] <>l)hT\y[n\ ! =l)FT\x\n] \ ■ l)hT\h\n] , Ul-2'' 

y[n] = ll)rr\l)hl\ • />/•■'/’,,! ^ 1 1.3^ 

\>Ut, l!g|11l'l<Jl'iiu,‘l; y\n] "JLU.llljji^y>yilirO; x[n] III /) |//] |'|lj DKI’, '. /i'llllij In'(>1 lilA 

j-ji: n.i i'iijii>]Ji.r(:ymHfV.l|J I-Tr AiliTA 11.2 
III 11 .3 1 1' f|ij I )F'i' ' j 11 irr i'|ij.i:j; )(j: iiifM „ A: (A I •. i^i", ’il- J • I 'n' I'l'j U I'-HTiA I Lii'i' iA W f'l 


8 m 215 

it 11.2 i5'JiiHHj!jt-^rfl!(fli,[rrijii4iit-^-«pTftiii^itffi.^l;^a 

— t-rliij &'}-[■ ^M ^iSIr#fH, ¥ic^ II“ /-hit±ff ” #pjf^^Pff 'MiMo M.mii. 

Boolean alfiehraic ) ^ 1 '.s >{.;! “ fP ( AND)”ii^, '=^1 ^ 4 ^'IfT , ^ ill'll^ 

(()K)"i^^:o 


11 tl Pif ill ill 6'J ^ Jl fj\ ^ ^ (circular convolution ), 

fiJl'#?HB'j K%jM time-aliase) o 

Mil-t# 4 ^ 11 ) Aff-^.vln] (Illicit . 1 / = 512 ,.^ infill )];}C/iHl^i]/iZ/! [n] 14 JSL = 500 o if I |5 ^^5 p 

if fl. ff'lf y [/(] 512 + 500-1 = 1011 ,B[]f; M +L-\o 

fMf'if fiJf tiRWif, ffiMR-i.f/s¥ DFT , pi f= 

'/itir^ifl^to ai¥iC:lia Jo^- DFT .¥ = 512( $Pplil^f$fl FFT 

fH (nJ). m Ws -14 ft ll/K (f U|«J fV: If -^- H ^ M ^ 12 ^ * VI ffl # fR M t If -§■ :ir W ffi [S] lx 

If: If FFT if ^ DFT 0f, 'f %lii;^(inil:|:o r' fp //''iSIf IDFT 

v[/)] o iihnf^#fy,Mliff#IRl!/flff<jfH-^ix)tHW5i2,frnf^;^ioii(M +l-i)„ ii 

|?l 11.1 ,^4;llT-tix)I ,V/= 146 i5<j4i1yAff^([fl 11.1 (lf±(fI)25i4jlL = 73 afll/lClfPiSiFli 

(If 11.1 DFTjtlT#IR6<JjE{i/iii).‘f^S^(|fl 11.1 (l^T(?I)o itbfiJS DFT^m^¥: 

72 '1^^#*(218 - 146 = 72)ttt.RlMff¥ 
P 'J PIJ f-p Jp If 11.2 . _h . 11\ T - If] ; H T If - # fRl^ m ^ f < If 4> 6^ ^ If ft o If If ^ , Pf M IS 
*frio-HW 146 tf^#*,|fi]lE5jr]fj-#fR/r7ff^^- 218 72 1^31^1# 

■«;iii:#jipMff^frf^pf^fjM/hARiAAo m^m§.mWit\\inmm \ \Xo 


1461 






100 

Samples 


O.I 



100 

Samples 


n.i ^Als^(±ia) f IS) 
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(2l8t*#,-5 ) 


0.1 

<L) 

"O 

I 0 

C- 

£ 

< - 0.1 


-100 -50 

ww 








0 50 100 l^ 200 250 

Samples 


300 J50 


- 0.1 


100 -50 0 50 100 150 200 250 300 350 

Samples 


CL 0 
£ 

^ - 0.1 


100 -50 0 50 100 150 200 250 300 350 

Samples 

m 11.2 


O 0.05 

"O 

3 


-0.05 



jEfiffiti'j 


- 0.1 


nji'uJiKS 


100 


150 




200 


Samples 

la 11.3 

M +/.-I ,l!|) Dl-T 

#0 f-tlll A A 2 IMiit. i-Tr 

A/hii|, Ljfillt Afii y- jii I'i'J A'li: Al'i^J • t 2 AViJ|)"f .(\[ 

Afn |i]-A WTV )T^,'^15iJ|5^^ ^77 A-n-. I'UiWilil 
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Jp[?| 11.4: 



11.4 FFT 

( deconvolution) o 

n-if#iAc oFTte 

i'l'j(>^^?io Afg-^?nfl;]c?4>B[^jti>Zl)^!®^i(!!)I&^^|R( ji: 11.4) ,^;f 

liV;i)^ DFT $)^)o 


DFT^ = DFT^ • DFT^ 


(11.4) 


n.x[ • ] 1)<J DFT , (in A 11.5: 


DFT^ = 


OFT, 

DFT 


(11.5) 


12. M 


jA i ^(ipi?i 12.1 





8 

(/J 

4—^ 

if 6 
4 

-a 7 

P ^ 
*—• 

'H, 0 
£ 

<-2 


■ 4> ^ ' iJ : ifc 











3 


0 


_L_ 

20 


40 


I 

60 


SO 100 120 140 160 

Samples 

IS 12.1 
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ft—,&t'fl:iti;i'.fi'jniiliT ft Tl'^l ^/-j-l-'Mijvij'l' 

itiKi^i^^jR'tfi^. mmam^mmmi'tmh^o ft^—iiifti»rai. n fc]oi 

• ft I'l^j-4-ifS "r. ft- Rifft. ftlt-Hliii^fi'iiVj 


imm r.iftMft r-M 






2 ()()() 



500 


1000 1500 

Frequency bins 


2000 


2500 



13. jt ig 


,'- :ai Be 


W 

"jr 


MMft-ft DFT ul^/iiilftn '7 liftti)!4'ii'ift. U JL Jl- ft J'-ftIft fn '7 - ^11 ft 

it-ft^ im mii'iiiij 

—ft ft f1:,',/i , "IB, Ift 11^- i^ftr^J- ti: ■ ft 14 ft] {)■ fill] ft ft (ti'ic '• • 

ftH■tJ|l^•i]ftl•^:^iJ- 1 ^.ft^h^ 1 ^J^^lM 1 :|'ft^ ft ft ft'I 7 Hi^ {) i;ir-i< fb. ■ 1 1 

ii ft' f k ri<j ft ,‘V ft ^ M' ik ft jji- I'l IJ ];!; ft <. ft ft ^3 5 |V tki j^'l I'fij t\i. I ft fft ft 11 1 ■ ''ft Yd ^.j ^,> fi f .'^ ft, 1 f ,'' 
U r 1 fi'ftlij-'ft "]■ t\- fifi Vt IHD! -'ft '>> 'iy? '-ft n fI; I'fiJ |nj ii>]. '>)■ fir IlSr: »*' ft i'^V ftJ H 


1 


•** \l' 

; 


(Specirof^ia.tOviftil- ■# J,!;- P l,l;|'|<J STKT 'ftPXl/ftft ■.^'llVftlii] l-.iaM j H'l'4J . 'I' H'll l .l'ftlftfliilft ft 





vA ^ ii-t I'H] fii ifei m . ^ 3 A'-m Jt ^7 ipM m 

I'rtllJ .V V 




Time (seconds) 


\-BhW}'/tmmo ) ,pi'j-)is^r± 

\\'] A)vi mi\mm-K r{\-Jt\m^ 

iiH 1 ", iiA A:}s "f jm fA in ® ^^<Jft £m ii.'fi ili'j ipM m m o m in ^ ^ "r “ '"ve ...e 

Iptider, love me sweel” (’|''J7''>|^I'l lifJcin'tV' I' , ^11 i^fn '5 2 

Y 1 f-J M-“ tender” ' |' |']<J “ t ” ^I<J 'R ff (>/ fi, 5 #'/^^ i^l jn] “ sweet ” ' I' ^I'J “ s” fl<J ?f fi Ko ^ fl' I 




-4>: 'iV-aiViT 
d'Hi: -f^iJ^I'fi'J 
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14.1 


ft if§: 

tm 

t^t^X Linearity) 

gl/i] = «.v[/i] +/n [fi] *-*Z{6) - uX\ti) + l))'(0) 

(iJ>1’J'P;lt (14.1) 

Jo] fW'fi ( Periodicity) 

A'(^) = .VA« + 2kTT) 
e tmm (14.2) 

Time shift) 

.v[/i] = .vl/( - m] < -r(f^) = e-‘"’''X\H) 
m tin (14.3) 

F^requeney shift) 

) [«] - e '*''.v [n] '' {d) = \'( H - k ) j 

K tj'n (14.4) 1 

IVIijlti[)lication) 

>'[/?] = .V [n ] • /? [ A? ] *<-^( 6t) - \'( 6) ^ H'( 6) ( \4.5 ) 
y[AA] = a'[aa] */?[;?] ^-»’}^(^) = \X0) • H\ 6) (14.6) 

( Symnietr\’) 

x'{ -0) = X’{B) ( 14.7) 

He|,V'( - (9) 1 = Kt^l.VV) 1 ( 14.8) 

Iml.VA - ^9) 1 = - lin|,V'(/9) ( 14.9) 

1 A'( - i9) 1 =1 A'( d) 1 ( 14.10) 

ZX’( -d) = Z - X'id) (14.11) 






m 

M lit 

m 

A'(w) = P.v(0 

- X 

1 

x{t) = — X{io)e'""<Uo 

2tt •' -X 

H = + X 

x'(d) = X't"] 

« = - X 

.v[„] = — f \\'(d)e . <ld 

2T[ ^ -TT 

m ® 

x(l) = x(l + T) 

1 r? 2kiTi 

V' [A] = x(l)e'' r dl 

,V(0 = Ia-MA].'^ 

A = - X 

ft = \ - 1 y. 

, -A vrri 

A' [A ] = ^ .V [n] c "“T 

n = 0 

0 « A « A - 1 

1 ^ xAt7« 

•V [ " 1 = — X ' 1 1 '■ ' 

N ( = ,i 


15. MATI.Alf 


MAILAIi fl^J“&"7-fn I .iA-^fi” ( l)igil;il Sigiuil Procf'ssiiifi Toolbox ) (O, i\ J 

lidiiiij f sTPr luJi-fi!i-'j"^-^j k'/ ^yj'i -{\ )<i'i^j mit. 

fii Kpr fUi'i 14.1 ly- 

\\-.'WMmi Kpr fi<jf^'ij f 


'I 1 > 

h h 


Y iV 


sc 


.iA I' b PKl It i'i 'j 
• ^S'] 4 kllz 
















f = 4000; 
fs = 22050; 

fftLength = 1024; % window length 

X = sin(2*pi*f* [0:1/fs:1]); % make the sine wave 
ft = fft(x, fftLength); % do FFT, use rect. window 

ftMag = abs(ft); % compute magnitude 

% plot the results both in linear and dB magnitudes 

subplot(2, 1, 1), plot(ftMag) 

title(‘Linear Magnitude’) 

ylabel(‘magnitude’), xlabel(‘bins’) 

subplot(2, 1, 2), plot(20*logl0(ftMag)) 
title(‘dB Magnitude’) 
ylabel(‘dB’), xlabel(‘bins’) 

14.1 FFT 



^ A 


X yt'i DA\^ (digital audio workstation) 


L'ii£fik^.X^ m X o affaApt-/awfi■ 

luh'liso 

ifi( *+^( Elektronisclie Musik ) (ft) ( Musi(|ue ConcTe^te) ffl ^o 

X ^^.('[■-”( foiled sound ol)jec'ts)- f{(lX'f|^] ^ ^jxl,^tl^^^t/L^fliyo 

ft 1952 I»( A7u/;g-,s7//d/V /) 't'fit J|J T Ijn'S^bic, K-X 

ifi X A'J M # ^ IX t JDi U Ii'[«M fi-fc!|i R] H«t m ht [«J |5'J M .X. in -X ftl li: fi' J ^ 


FFX^^i-Fl!'T’"4^ tf'X^ ‘ ^ 4(XAXJ{( Horinan von Helinoltz) X>J w'fefl'J W9ilo ^ 11 fi ^IJ 

MX'!' P<^ tii'X Helmoltz resonator) (I'J^ itt, iMiXFic i'll". ii/Xi'J I'C rDDfll jk-Jj^lf^/4LP| ^ J X 

; IM Pi ^1; Pi ' I' fi-J Iv M ii Fi m % hi fi-J 'l-iii 4'^ F 11 m Jl l Xl- M U X< M rt'J ^iw a fn X ^1 


X^: 


i^; l!X )\L m ¥ X kl , ypj /i- IKi I'Fr ^;/.j Iili 'Tr fk tiC Hi!/! 4^ ri'J t - H o M & ikjB A Iji: i'M i 11M X:" I' ¥A ill; f j 


' ■■ rV' 




Pm\P\\\V^f^\'r^y • IXWTdXul Koon.aOo )>(//'>' /to. 1996) o 

Aj^XlAnVI'XIdllr^^^R^dlkXri'll r M fefl'J li>iil»al enhamu.nie el.ange)H®o 

A> ^ *»•«* 


, ftli A; X: il Yj- a (f IX J FF1-: Fii A 


X t - H ’ll- f1- ft ( i'fc 'X' iF ) A W 


;!«• ,'XJi-f'|-|'iX'"J®'n't. AXIl 
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r. 1 -- 


m A n (i'i i- III ift'nf;- ^^ (11 Jjfl- A A m m: I'l'J)' • ^4i . fW A A R A U 

SfsT, tf, ^r<lllli'J'Jfj{^IS|!ff^^ 


mu 


1" in fu] ftT 7] — 1'^ I V 


[ l] Porat, H 1997./I Course in Digitol Signol Processing. W iley and Sons. 

[2] Cooley, J. and J. Tiikey I965.‘\\ii Algoridini lor ihe Maehine Caleulalion ol CJoinplex Fou¬ 
rier Series” ,M(ithem(iiics of Computation ^ 297 301. 



t- +} B'j 6<j :^'/i, 

ojH'J'ji'l^i'j'i'^ ■^f' W^B'J W® |nji§, vocoder) o 




i L f-^\VJMMti'}^A^M=f"A^Xit'Mf",^^Zm M i'J 6 >) a" ^ ^ l^'J ^ tb B ® tfi T W 

nI h/+. mnz I'd] fiJ 0^ M 6^J II-B|i M , M ^^N #o W )Jt^IS^IM)t±ft ^A 

Beatles) |]^J«H$|J";];!])<» (/^«cA- in the USSR) 

^0 'Z 0^-|ift li/. ( l^ink Floyd) []<)« ±^}{ Money) , t:fl'l fl'J W. |/J' A f^^JcM SC _h W “ s ft ” , iW 

ft-, ft- ft B<J )l:U! i n f; Ift 1 : X f-R fi^J „ iffi >t-' I' >} - S ft ft ift W U ft: # ^ fi'J 14 ^ ft ti it, -iK # i^ 

X ft- iM] ftj J r- 4 J-' 'T N^ m ft X ft ft Ifi) 114 ^1] X ft (I<j m €• ( M X JIE ft ”1W ) „ ft 4? ftr -z]]^ ft X 

/! > ft /]r> X ii fft' fl: ft ft-i.-)c ft M- ]]l: 4ti n^j ft ii.v) fo 

{liiMr-jiArntP-^i'j —p^-aks) i>ar- 

itionics) ft}" ft'( |»arlials) ^\\ iJl'if ( overtones) o ii4&ft i/i/l: "fS ^ A ifij ft'hi I t4)^ 4H fU, ftr S ft BI zx 

i>iilIftU't:fl'iri<jMlv^ift>Ufto ft:JA4tftifv4ft‘‘'l'$fft”-i0JXMMX'ft]]J/b]1|-TXft 

X- , -Tfr 41/! iif' I ■ ft-H- i" jII I^J 14 iBi ft lie ft d') tfi l•'■J ¥\ ifii RJ rt'J X i 11 ft; o >'‘1^fi'iM f' X.'Ii T i 
>;c m ; ■-■ ftr ft Ht M - ^ ff‘i 4 i' /]' fi •] Iii'f fi'i i-Jc /k '# ft ft If-J - ft fti: I'l'ti'f K. ft tl' ^ ^ 

JAX ftM-fi'i:, fiijA4^ fi'i. Ill i'\- n- ft' lit I^J' X ii‘1^ fi'i.o ^li! ft4ili I ■- !'•'J ^''i ^^ 
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. ^ - fMiit,Mms.h%%^ #.(pM(t ^2 ®uh 

$ 5> a ;t 1'^ ^^ Ji M tt ^ o fffi SP ® S ffl ijJc g lit tt (^ jG fW ^ lif It) iiil ft l^j: i 


./;, = n •./; 


0 


( 1 . 1 ) 






itbM ^ i± .& , it IE t] ^ JS ^ ffl IE ?i| fi^ ^ ^ o 

timbre) I'^IlE sound color) , Xi3ic^fiktFlGi)'Jl’^tO:;^]p4 




(itififi ^ni^aRj^c fi'j te it o G 


'5 W|nl d <J ^ IIL V^ It! FA :«r ft ^ ft P ^J 4!-M t 




r ^ ||J ^^ d^ Mt G ^ (A EaR^ fi tA , iln ?A Ft d<j EaR^ Dl'J ft 1^ ff (tt G rt 
^m#?®^^d^aiafi*0E,EaR^|HlffEG}fIiA)o i.i d^jEaR^^St^Jd^j 

*T#ferd]»#^^ASmm5^GGit3i Jn^^^-S4^+}dMSGf^AfAf?i?A5Err.felE[: 
^E^itECG^^'^Aitito T-T?f^0aA5^Ai'?f-®«^d<jit^AGt^Ac 


2. mm^Mfr 


ftMfft-wf/LGfT 

^EGREJJi—llSiiGA—aA^Sdfj dft sift %n, l;WAiEJl]iiA,itft''P^ii5>Gfic^'f±'F^! 


2.1 

LEH^AAl^lfPlis LTAS( long-term average spectrum) dfjitWflUit 2.1 .'itft A A ^ A f1'( A 

A, WiJJAfi^feA A^FAGfPilFtff 


l 


U- I 


i,tas = -5;.v; 


j 


m = 0 


M ^ STFT 




'E,.Y;;,J^-fiiAiP“^''’ 


Ml 


( 2 .n 


m t)ti;iij‘(i|iilb, InJIlAG fl ETA.'^ 


5)-GiM ( FlTAltfj*titW-.iiGE.iiijfilfJt^rAil) A-^HSfEAfnlFo IMPt fii'f^i'g!-. 

ETAS m H J f -it it G € til 5t d<j (;> G iiu fn R- a gA: M '>> G >. R ^h. /e 'E- 't •^- M irtfi tV 'E- 
d<jF#jG.ETAS nfijEM-AAAd^jlfiGAA'Ao It 2.1 1E--1 AG-4'-./>44.i kiiz dAER iPnAiE.. 
2.2 GArEljlirrfHtl'I'AlEj Dl-T 'ttAtVAG ETAS ibliiit.rt'ifrA/ E024 aV;, nil ■Ti/'R:-G A 4(K/r 
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Samples (time) 


X 10'' 


SI 2.1 

279ltl]54'fi^lll39ll)!g 



10 20 30 40 50 60 70 80 90 100 



Bins 


a 2.2 DFT LTAS 


2.2 

%i ftf,i '/m Ii'l-, Ji!i'(O' iiU ^ l-l' MU Ififi'J h' o Jt-'IM-ill W 

10 -J-j Jit fi<J Mn 't:f/T;, irii ^^/J^ fi'io W ff I'l'J ± 1^- W'J 'f‘ ^ ^^ 

!ii ^ fl-J ^/.i fi'i ^111 |V, ff'; 6 ;.?•: i -j- it: fl >J f I- f/F fi'J ^lil iV W'i ^5^ '> o J'l fA ^'i' 'PM ifi llll fi ‘Ji ^ 

f.i a [^4 m '-tti;ft-f'ffiii m^I'i'i'j fn^ f".111 j" m^ pj^ titri- j• (^i 

'fj^$il('i‘j^i>J'feifi'io r^l 2.4 HiRl 2.5 rijijf{'ijiU'4Wr*Pi'!infi'J^M'M:tafi'i.f^^ 
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r+i[?l 2.4 fnl?l 2.5 nf 

^ , PI # ^'t ^ ® fll ^ 1 11 iM. ^1\ ^WKt'i YH ^\> 'W ypj 4] fH o if ^ 'l''t -42 t>P ‘4i;' 

MPJfW ^ ^ 44^ 'If UM^o 4? ft Pf — ^> fr ti ill 4(f, M Pt 'li fl'l fv4 PI IP' A- N SI t< /7< U fi: 

PnBo 




S 80 



-J- i -1_l_U 

100 200 300 400 500 

Frequency bins 


0 2.4 









10 20 30 40 50 60 70 80 90 100 

Frequency bins 

HI 2.5 m 100 

d '), “ AJt ” ( octave) Ji 

a.ftf 1^"i^ m^ f^'j a, $^tifR m) o sm/o = 

\m\zM 1 AA)t4t.‘i)ait 200Hzo T—AA)I)|#;DaiS 400Hz( lOO • 4 ^ 200 • 2,aA)Aii^ 

APAvit) .4ooHz 8ooHz,'fi^iti:iitio 

1 (frequency dis¬ 

tance) il lOOHz.l^ 2 AAjg200Hz,^ 3 AAlt A^PAPllffg^^Ji 400Hz,|i!clH: 

\\ w\m^mssvimimmmnm^Q±mmwm,sfms^Mm^Mx±dmBo a 

& (i<j msAAA^iWM^m f ij A IS o WA s ^ m —bp 


Ar-jtSi , m # S}m 4^s M,Af:A luj (gj mnm^o — 

)A rV f ili P'J ^r M if- 'A Jt- ^ A |5/r 4?, !)!iJ 'M W^dW S] 1^ fft AA iTn \t m A 0^4 loJ P^ ffE ^ 


2.3 

ilgiiiiultm 2.6 ti[^y4#-*^]iHPA4KiF.#l^,K-4'i»iAi:14iA#tiT.;liMitPA‘‘i'IApeak) 

(valley)o JFjJUffpyiiil IH'.A.l'ilJ^'b'ftEixiiAA'H ^f4P^J4^?/AAM^iF^^ iW\\md'}'A-A^h%Wil!}^&^ 

$1iUai\¥''fS\\'AikyE \'rHSMW']AA^fiSlo ifii^Fiirit'I'lii^AF—■S^llH^'JlP'J.llit14']Hl+ll<'t7 1 ^ 
III tf py A W'-fi-: j (J A StA- m A i: 'l^' P^J # ^ o IF- 3jF- II' n \S 1'.. IHD! B'l , - PH FAr fr $'J P^J Mill W Pi 
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( spectral envelope) o f^flK 

ifiiilfiK flf4,faihiti^liL 1^ 2J]iK)}i)ii^iiil#iif.PI'J l?l^1lo M=f-m A 

0 5.100276) A^fi^xfll?-Ac 



—rti ii: ii>j M fa 


/y.V 

A- 




u ar/f<: 



10 20 30 40 50 60 70 80 00 100 

Frequency bins 


®2.7 i®ig4^&^^glilll$^P@ 


4 


fl 2.7 il W i^^44v^fl•:^l<JAai:. ^ 'Aj^MAili ii:h''] 'AjOiin]i'i9W W- i 

4411 il-:|ni'fie 'Jj f/i |.'.] ii^jiM.'.; 4; ^;>#f-!i;i)iij^i'i^j <4.. iWM if'I' fj)I)li^J //Afi fM ^, (olA \'i n.- 








10 lo^ft/jN^ 

-t a m m m m m .+. u^mm^pmmmno 

ffl^7>rr?io RMS 2.8 ff^o RMS 

0ilt,s RMS RMS 

400 
-a 300 



100 150 

Frequency bins 



Frequency bins(decimated) 


@ 2.8 




- It ^ H', mi {i Mll^ ft ( pass!ng peak ) fit f*-BP ^ * m| ft 




2.9 
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tH TW-a^^ o m m. , R m Mf iJ$.' 'M- fJ B.<ii - ±ve:mu 

ft ^ o Si ^ ^ f - fi^^ W- fl'J fn Is tl tl- Ilf '(£ K 1ft Rl L ft fIJ, rif ft R] ill: liii|.: // 

music.|)nncetoii.e(lu/~ park 'tT' tko 

2.4 SMSKteRJ^&SfflX 

IfSS.ft-ifr lit, ft t'StHPJfivl'H'ti?io 1^ 2.10 S^'K 

T ^ ^ t? 100 H z iffi m tfj o 

^ a # t< ^ Ifff- ft p3' # fi'J ® 'll! ^[5 W M ffi mi fit, W Ilf- fit ffi Ifl! S S ft- -{-V. 

[ff't/“ SlfPlElifeife” ( mi-ssing: (imdameiilal) o RR'fi'fHfifiift u". X^t ft fltiffliit ifj iit-n ftl 

I^tflMlJSlfSfflf ^^iffl h" i^ , X h , ft tl'-I'f! f 11* ft ft'.,. tLf'h, t' '^fRR'flv)l!i'ft'j’- 

fW'Sftfl:RcP<jfFsfr 

PtfitlJ lll#f^?M(Truax 1978) „ Mftjfi it^Xit t^Rt#ift'O.Vf-PtliXfRWtf:R 

t' ffi W ® fp # fi ^ Pt X ^, ffl Ss SI ft N f IJ it i^ «15! ti « p<j 1 )S I ’ % ii ±. ^ ft IP // 


o 

■o 

13 

*C 

tiJ) 


1 


100 


200 


300 


400 


Frequency 


0 2.10 


^xi^,fjTvimmm-nirmmmitmi:o ^ 2 mm 5 tnj.isiSif^r-ttt^T-PSMPSJtf'Sf,', 

itW fill PS S l® ft it W it tZ ft f?lJ ia th tf it ( cepstral analysis ) , i^rr fit fra tl iX ft ( lianiuniir 
product spectrum) |R Still ft fit f^'S^ ft ( inverse comh-filter) o Min t'ftS.^ff R ® M'fllMRtis; 

PSf£iH|,f0lllM-#fflStLftfitsfJ!tf,^PSfl!t'n|n]iSj^ftit«f5!PSt^ 


2.4.1 

5ip ± ffif it, tt s- s tif t fits fit # If M f5! M it m it- f'ti, fn t: rt m ti! ff 1 11- pf mz i i j if r 

i^itfit^-^ps nu ^stt/tsfiPT: 


r [n] = .V [n ]-/>,• -V [n - A ] 

ftl|>; 7 m 3.3 prif fill, KIR in|iiJtfiftfltfitf,^PS;^f>//lfRlUt 2.3 

) [ n ] = .V [ /) ] -t- /) I • .V f /) - /, ] 


( 2 . 2 ) 


(2.3) 


MMfllfit fSPSMft IH'.t#lfLf, fill 1^1 2.11 filial 2.12, filtfl iPSfitflt'?! t- a fU k ifi R| 

2.11nIf;il,JE|n]t,;|j^yj|}ji^;^sj^<j^'|: ().| ,().3,. It tl!‘.V; {f |ln flR, lfllSHtil^iiti)ttfl'|lJfttS('l-; 0.2. 

0-4,.itf5!tU]irtfit—itftt)!AV;MRVi-;iififpfitfitf,'iPSit s ttfi: fit fits,* 511 ; t:- 

tilIIf 1 ilifi4i-ii,X'-/i2li-SfltZA'itiJifStiSXit 1 r 1,RP)! f>tlrPS>, UH f'J/ ^/-.|||-SStofij fnPi= ff-,.rij.-f.; 
W.tS!i0i.4f'i!SRtPS®Mflt,|i<ItbtllllS|Pjt4flCfitfltf,XftllfiiSfitfi/-.)t'ift 
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\i& i'/i fi a inm m , s >ii m /n a ;j m ^ fi ® ik „ 






S12.li FIR ^j5it^ii;J$f§ 



Nonnalized Frequency(x;r rad/sample) 



2.12 FIR Jg^tti)t5jSf§ 


' / J-jcU ft A i\'] Lx: fA' r' o 
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^ - 


» 



jpfn2.10, mittjiwA-^mummm^An^2.5 .m]x^ 


y [«] = .V [//] - /;, • .V [/! - I ] 


(2.5) 


It FIR fi£jiril)i^t^o fir tfisp/r fir 


!p5i*55I.25Hz,^1#i^./; = 44.1 kHz( iiiSfi/V= 80 * JllJ*)tl!/„ =//.V = 551.25Hz), i’i 

afil#IE€], WlJi^#r^-(l<jA:'^|£!l-li!l'h 554.365Hz 

.-s RM< tS(litf^'j^ y)} ititiiii'jMft nm{ 2. \3 i):jr 

m) o 53ci5fWilt-;/t) fv:'*, InjRt 1]J fi -?'j ttilH/iMffntl’l'j 

fi tt ± o lit , fA fl 40 t * ft * ?f f!ft, HiE ifi M- fl^J f- J-^J y)} 'f - it [111 f't if. ‘t; 80 1- ft A*^ ^ It fit %t PfJ 

fv- ftnii'tili o ly lit. fill HI t'J flin-: |nj fit^t fifeiit 11,4ill- ft h% 'liij fC^fi, iiii h 

/itftit fi'JM ± f- it m M Iiii ^M flfi ^\'- J3j m iil, Lli "T ft ft H ft li'j n't 'H, kw 1^1 2.14 
Fir Ik : 







Frequency 




5X) 


i k 

< 



< 

► 

-- 1 - 1— 


100 


200 


300 


400 


Frequency 


IS 2.14 

( hi?i+ffl. t(?i) 

2.4.2 

Cepstiaim) Bogert) ( Healy ) Tukey ) spectrum) 6^HU 4 

in , in/zilii^( liftering) rahmonics) quefrency) : 

“ ...we find ourselves operating on the frequency side in ways customary on the time side and vice 
versa (l^f] ^5i tl ^ ^ ^ ® ^ 3J '[t IE :itf ^ Ehf iij, R , R :t # ^ ) o” ( Bogertet al. 

1964) 

.f[n] = DFr'{\ogDFTix[n] )} (2-6) 

vmmmmo 


60H7.,m±m^¥i^^3] 5kHz,m^^^'M^ m.nwzo >f-ijfflf5'JiH 
fmm>mm^jm.m\ 2.16 irjzf: 
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0.1 

o 
’■a 

1. 0 
< 

- 0.1 

100 200 300 400 500 600 700 800 900 1000 

Samples (lime) 




6 8 10 12 
OuelrencyCms) 


14 


16 


IS 2.15 





2.4.3 

sdime.ier), 1968] \iL ^-i 


2^* 

< 



0 




r**/L 


' o 


-Pl'i DC 'Alii.3 A-1^i \t!l;ili|']:j 

it»-ri<j, iiAi-:'£5A/;s5t;iit^ -Ym jifilifv,i'’iipMfiTAj o)—iJ|i J,i;-!i;ii!(\iK/: ]■ • ^ c‘Af:)!i 

0 ^\ I -M ri<j a; , Ii^i 2.1 8 ivf/Ao Hi 5 .j-<ituifi^jif.'f-iiiccj i,!;.itui nj-/r',ii a fiii-r)I'l^'Piv, fi'i:. jit A. i •■ fik*tii! 
4'Aiiiri<jiPMfi'i:iliA''JNl2VdAJ-'AAfii'A/'AlYi'i'jilV 
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2.17 






A A 


100 200 


A 


300 


A 


400 




A A 


A 


A 


50 100 150 200 


A A A 


rosO 
r^, sC 

m * sC 
r^sC 


100 r-, 


r*~) 


r 


lOO 





SI 2.18 




3. P {i^ 

il\ f'i- tlI "ft I'f 'i;! '■ fl'JI ll tt ijiifiif % ^ ' 1 ' $-'\ 'T- ti- fl'J Xi f t lli !i'iU' lii X T o 1 - t'-i IfS ( vx-o'l^^r). a|i vfV ft 
fJliiiMfl-!fifff ( voice ct)(ler-(le(-(>(ler) i 3 (iin H f-liilMfl'U voice <•()(le(^^l!,f^'^laf>'H■|ll'f^i'itfff) tfif If ^ 
rjilM ,M’t-''I i£ifii)] 1^29 ''|-|ll]/i'/-ii • Homer lliulley ) ti'.l^l'^tiff¥-l^^'f'H W ^J''3t--tv.^_.)il iit 

f J- ftJ r. f[^ o - flic fi^J;' i fi' i Ifff 111 ift ft fJii.) fi' i Itrr tl I il‘i h M- t' i I )jfc o f''-i f H t"' r liV m f. fW 
fi'iffft-tt^>!)!']) 1-1 tirin'ftf.i'to il-lfn J-fll h.ilifni'tJ A 
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1939 ^P^hMI:^|-nlH_^LL||'l<Jtiti^1f^^±M;hA'J —1"^:^ voder 

( voice operation demonstrator, " Darlli Vader 


IliJ( Flangan ) . I972] o A® 

AtMteT formant structure)- 3^AlSf^ A/ZHi^ T A 


3.1 

)p 51^ © A , iM ii ( channel vococler) )^—IH A in"^ "A tif S. in W A A fir^ ^'J 'rl? ifi >il ifif 

^0 ?iiAfg-^( ^IPAA* )3llii A' Ah)(, A' A$5!A-iiiffi( iPl?l 3.1 

^■AH'ff^€iiiitPA/rfarhA^nP4,^-^A7>A 

Asit N A iff^m^P<J .V AwillnP'J.iliS 

ftmiatTip&^fiico A^mm a I'll A jil A {„ la a 

• 'M%m{£ 1929 A^;!il±*.,flkSI;]f^fH ioiiiil;A111(31^6Al’ 
250Hz M 3kHz) At^3a—A3M3M^fiTf|lo 3fiiSA^ii*mi;E.^illc}|lJ|0l Roo.'C- 

velt) IP^A A ( Churchill) fflAliaic'J D-Day AffifJ^A Dolye 2000) , fllilflff IHIlP^AAJlil'jM.A. 
|iJffli^^^3JlTl£'^3SiSc 3i# 007 1^SA3S3MAfilPAff ^ift^^l^ji A SiGSALY.'tEi'J. 

( green hornet) Ilf A A. PA‘ A ^hici^tf ( 3* Hi ^ A1^ A'li^ H A if A ^ A 

“ mm" l)Aaf:«i AAHIAS) o 



@3.1 I&li5^6^jiil(^li9§|gl5:^) 













3.1.1 ^ 

HI 3.1 in s'fg-^ 

f-f^i^lJj)'^ A APJ 4^i2^T^'/SM'/^( full-wave 

ivriification) 4nfftjliit?^^3io 


V [;?] = ( 1 - a) • ;t [ n ] ■¥ a • y[n - 1 ] 


(3.1) 


i4 5>:^fS a (0.0<a< 1.0) Ji-4-tXS5>Set^, in 

HI3.2{i,A:3.i ^^^{fii5i^^;f)i4J[«sw^^nisiJ5vio 

SR Pit ^ 6 (] di 4 rizA:i 4^' fft M fit ?:([ m At T «11^ ^ , iS 4 $): * PS '?jc liiz, fi& ^ ^ ^ 

ii T it ®i. W ^ I# $ 6 ^ f ft m m m o 




0 3.2 ei§SMI®lffPMii®f§a()i®$P|iilij!Z,a = 0.l~0.9 


'M. 2 3.2 ipit^iiipM^^^B4f5efflM RMS flit^JPjC 3.2: 


1 


/.-I 


RMS = ./— 

/I = 0 


(3.2) 


iM'w'ii ??: RMS {m^\smnM\w%^m¥u\\rmw\{ icjt aa 3.2 -hn^j d ,->t-mitw stpf 

( w> 8 5 i'/) 411 RMS mii\iili'/t(ti'i 2 4 1V) )J|(#i3:f£^iili['l'J®^f(i''o HI 3.3 ^(i.'li riiSH- 

M A TI,A R* t!i irr if? il!l fli iiii fIS M' (l^j 24 t HB fJJC 'If? (i^J 'ili! 4' "I■■I /aV: , J I-' I' 4D! & m ' I' 'C.' 4)i! 4' -4 A tf 4)!! 

4^/'iVi;il(i<j Bark Alll;4ll-Si((ir^'/im4i:)o AHHl T-Ai4fi9 

I'/r'iii:&t Ji IN 'Pi: (I'J ( ^-i*?!!! 4^AIPM ffi if') li'AHI /A II - if )) . ^‘i "i "^i;■' in A itl:i'l!, Burk (MII- 
^kff. A Rl iJll MIII ( Zwicker, 1 last I 1 999 ) o ii ®' I' 'll' 4!/! 4' /'V! (I'J *ili! ¥i^ A 'lili ^ il? ( 
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band) ,Bark ‘^'^W^>A)k\^'] 

ifmmmj:) . -ii; 






Ki 


> ' 


t - 


f^'j^inx.jTdsuz ir.'j^iiijti Bark )'irt»rx-p.AiifiiJ 
49Hz fp 51 Hz ;ArH]P^?f.ltfflNPl)IE^2>iJP^jriVX-P . 45 Hz (i'^}iE'’jm^i&Ul< 'ri- 

'-t’ A' m m^it, pi it -t- ^ p<j m a ifn ^ o 

/•, ... llfii^r'Jif ( BarkIvlrt ) : 24^^41;= 

nr^-^-r--f 


o 

-o 


9 -150 


c 

r3 



-100 


-200 


-250h 


-300h 


-350 


0 


0.5 


1 

1 1.5 

Frequency (Hz) 

.'r+i n 


X I O'* 


3.3 24 Bark it) 


— 


F^i i?i 3.4 ni 'm mm^ p<j ft ] 'xiF ^ o jcaa L r?i a in a a p p<j -jj^c p 9 t'^i tfi .ij 

24^^l^{fKPI^S/i7P<JfH!).‘tift-§-o iAi^mnr'44l.l5Aiilii5^=r£TxNRt^iJilHi2MA^ UR 




UI 

n AT - 


3.1.2 

i£ff t!f> Aii if ^P^J m fi 1 if vS W i 1 if ^ ftA tiS '1 ’ R ilS] A'-A ff- J- iR '& ri'J '& f r 

ilfSo Afn*flj^lltX^i^4RLllR^tiKt^JlliAJ%, Ift Li AHHiif 

m # ifv t h'i ^jHS. )A T ^ "i fn ”■, lip' if iS A ^ I" ii'J Jt W ti!'] !uf ^.' 11 'JM M li'J )tt] 'll-; fii f I iiifl -ft;. ••Ic fj; 

Ai^W)i)t5>0 PAtMi'rii R" s” f’, fH fl-'t iA R i^RMiin "ii']-' ip- 

“ a ” Wl “ e ”, Jit p>t ^ A: M M T- m W t '¥ i-i fM 41-: R f # - A' P'J R , ifii £f A fn' W t A R-. iln I'H 'il'i ftii] A 
^RAiSlPA ii9tJ^Aff]nrfili&^RA.^fiJpijiftffmARfJ«At4=iiH,|n]PtlkR;A'^^^ 

A—'H’ it /£ P^. a A ^ A ft P'J fii A- o 

Itlfljilifi J^'ii'iifiA fb J’l'i j’^rafi'VfiS'l'Afj'ifM A flPI'^jr'’ Affi'tfJAYi A P'J I'"] !r^i In .At I i I'jU A it'.. 
Aft-A^SAi]rri/jWftA^it#P<Jif it- Iln/tiAP'^^ friilkiit-iijj.if 'i ■ MAAP'j RiRR 
mi A, 'Rfib Afpifjiiigi/t tiS (sourceAilu-r) if 't'J e i^^ \n P'J iiiii f,i '/ R vt R A j' i,'v ir' j Ih i,'v A iR 
A, ft i )k P<j 'fIf itii m fJk Hi xt bV; R fn ii/,i ijfe i/t tf "I'.t i,‘i if P^J iife i/t liS lA A.. IM jit. A; .'d if • A A. At • t •. 


it.AA)jtcPftfdnlii)ffn Ai^tAAWiiPi^lMp^Jiitd (iiAM; A;A5(i'A.M'''i:iRd 




^fiili 


i'h A Atr( analysis-by-.syiilhcsis ) ] „ flvltii!- A |n]plj fnillil A A! ( j/V u A It'- In iV iR A ) . 

^il-AiAAA''''-A;--All/Rpdi'AiJAAfiR>dAn d 'AH'f'.'At lAf .Wti'iti.HiJII) j‘ ^ Ai,'v,Y 





G, 0 

E 


0 0.5 1 1.5 2 2.5 xio^ 


Band 2 with fc: 150 Hz 






m 3.4 

(M myrjimm.'fi-m / = 1501 iz, ^=.1*1 / =84oiiz,?fii'iif?i./;=2.15 kHz,^,Effl/.= 5.8 kuz) 


i\'] ffi-7^ IHi?irf/jit4'^ i\''Mi H/jit^H't,f|?f^llW'J 

, li|] MTt!} JiJl^ljiti/i u fR o-o 



o 
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mi 


iiil/V 




Tj]0. 




iiali/iS^BPF 



lilA'-l 

SRpjfi 

-\\\ 1 RPFN-1 

■-k/ 


-V—V-V- ^ Dl r 1N~ 1 



tfKiiji 

. A-Ui 

BPFN-2 

\ 

'-k 

turn 

\ \ 1 

i 

/ 



SMFjfi 

. \-\ 

BPF N-3 

'-^ 


-V— V 

lit 1 

1^ 


• \ 

• \ 

• \ 


SMPi 

i 

BPF 1 

■- 


-k 



IS 3.5 

iwi0tiii^^}±E6^j:^,i?i 3.1 fum 3.5 

So 


3.1.3 

il-^m, SHill:.t- 


3.1.3.1 

l.^j 'llllJ'Htl 'j^mr' 
«it.]i]^i^J^ltljf=^^( 11fi']i;U'.V] 

WtijtMMf51M;MJT'JS$5-.^um 3.60 ITrlU , f-iftf?-)jSc'7>i'i9H'^4^“ lh'/rt*«”. ifiii/i^ 

^^"mVo ^^K-®^■■•#JElll|i5itil^^^ll^4ti^^^^ ^inr' . a k-k 

^:ic,i5:^iMii-^4Ai^M"7>t4o filial)II 1 -.. Hi 

.H'4^4'I'l'Jv'iVllilflifli k'i< J'i,'V?Yi-lc l|:il'v?Yt.V 

U.Jjtnm 3.7 liTr/P: 
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50 100 150 200 250 300 


Amplitude 




3.7 ZCR 


'i\ 3.7 rnmi^'J^j lo 

( Kal)iiier fli Scliafm- 1978) 

y-U l()'g#l’^j49 t , III] i/t W /lie PI'J >7'fij- 10 14 1"o [?l 3.8 .t, T “ Love me 





Samplcs(lime) x K)-* 


® 3.8 
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tender, love me sweet ” ® Ji'ii |¥| ^^l-.^il'i , llLfi>''Jtl^ 

B# bic 5>«J ^£ Vi T fi tt : itl ^ “ tender” ri<J “ I" fr \ ■. ( 40. 000 t ^ |5f'J' ® W ff Z fpi ( 

72.000 ,fi-T“s\veet”i:i<J”s” tf 1:( 104.000 t ) : 

f?l 3.9 I'^l 3.10 WiJ-'iii/KTi’^jAAII 40. 000 

if iff “ tender ” 4 t' t" # fl'j M o lil R1 nf Hlfr il!i K jf ,t, jJ*] /z ® iff “p f P ^ H iff bSc 5}- I'/i tfi 1A fli: 

fiF.P>ji^#b5(i5)'o 



300 400 

Samples(lime) 


700 


3.9 10 





4.1 4.2 4.3 4.4 4.5 4.6 4.7 

Samples!lime) \ ip-^ 

IS 3.10 der) 


3.1.3.2 





iV'tH |)iv-<im|>lia.sis rn(‘rp;y ralio, Knodoz 2004) ^'J l/Vn '*J u ;>.iii-h' '> fl?iV'J 







11 Jl f?'J^T^lj ^ ® 10 




Samples(time) 


113.11 


3.1.3.3 

ifi H'hli- 1$ ,*, M T ^ in ^,'WyAiu^ M ?n mi / L ^ l^if ^i<J P ^ # fg ^ lii ^ 

jit—tip lf { low-band k. 

full-hand energy ratio) 

'MVA 3.4 ''11i Afn ;t Ain it/A5) 

ill I. Ax|“j'-ifVHfnA--,jt;3.‘ 

.V All■■ iii' H1A 'jY , $iw A iff ’7 -t 4t ^ M I 

, rt;> , MT-iliHiH v- 
'li; 4'- I^F !/!iJ ifelc fnj, 


6<Jt^fin5c^^A^ffll^ JWit 3.4 




fri^y-iitrr'i'-'li^ii'J 


I 3.12 14 H1 r >F< ill iR IM fit ili: 4' n tk M t m ."f^"(i; 





3.1.3.4 

SFM ( spectral flatness measure) iti oTIflT'^lJlirriff 5}". 

JJJ SFM 0) 

i M SFM fisifiT 1 o 


[n:::'v'(»]^ 

1 ■^r—< .\ - 1 I 

—y A''(A) 

;V ^ k = i) 


Gni 
.4 ru 


(3.5) 


n 


k = ,V- I 


A=() 


X'^k) = .Y''(0) • A'''{ 1 ) 


X'\N - 2) • ,V''(,\ - 1 ) 


(, 3.6) 


i/v jfijif W'f 

H PliJ nm If 1^ -/i- o Fti T if: it W fl M ¥ -Bj fi^ n^J-¥ i± . 1^1 ilt if it It mi pv. ^iJ l>t ' f 

Niif.iiiat 3.7 

tP,^¥¥i^(ifi<jtf^¥-^^.Ji7^¥4-^-T-fLfnJ¥i-iJfif J n, A«J T- IHiftif I-. 

jLM¥i-^jfiifiW¥¥i-^jrii£fi'ii'inf .SFM mmr 1 .xtrf/i it )j^¥. iLf»ifj3jfi'i^¥¥»'Aifii 

f^iST SFM iko 


{ a ^ (12 + • * • + \ _ I + r/ Y ) 


( ^ I • a,.a ^_, • (I ^) 


(3.7) 


fiJlllx«mti>t?::r-i:( A.ji!^i'i<jfii^j; r¥ififHjk¥■ ifjA.nt'f ]■• if.IfjIt'j if 

A'J^fl'j¥m) , JLfi'f '1 'i'jfl I. l/„, •'] /Jn 7j j-'l. 3.80 i^at/jll'J V. f'J'A/ A>J ftf '!'■ J3j fl'l ( Io}!,-averaij<’ 1 ,IM 'kj 
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m 3.13 SFM lo 

4 6'j SIFT ® tilTit if »o * m ^ ^^ fiti ^IJ ^ ^ m M H tffl, M /j ^ at ® ^ 1^ jft )gi 

/T^o 11.61 *#(512 ,STFT10 

#( 220 y; = 44.1 kHzo 


Samples(time) 






SFMii 


Samples(timc) 

SFM *# 
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3.2 

LPC( linear prediclive coding) r«I ^it , l^>1;/l: 20 liti'd 
60 Iti\-^ ■ S.W^^^K(Bislnui S. Atal) ^ Max 

Matiiews , ^ - 1 it-W f/L# i^ R AO ^ m ^) T ft bO’ ^ 5t 11 AO o mn m iW'j m m 4 ¥- m m #; t; n 

adaptive predictive coding) ./n'/ntf I.PC —info ifl M ^ ii^ —-tAJ-PCi i‘\ 

i^i^A0W^,/fd>|5ftLltTit^tiLtf^it^5lM, ii:Kv!/iT-ftftJll^‘^fnm • Charles Dodge) fnft 

^ • ^mSfPaul Lansky) AO¥Wi|-i^t)L^-iFsft.'.Al'o 

nT);p,ii^iSa FIR 7itfit-^^A0i=XSB.t,'bPiit*A0 P t ft >t5 M'» fj # t 

[n] - 


.r 




'11 n o 


.v[n] = fi| • .V [/(“!]+ (I 2 ' v [/j - 2] + ••• + (If, • X [n - I*] 


k = r 


(3.9) 


= X "a ■ [" “ ^'f 


A- = 0 


x[n] tj.^Auftitftt^,.v [n-k] A AOititAt^tjijtift4^A0f)il:: 

tbiifef'^ia^Ptftt^a:[n] „ Htb, tj I'i)^ t"-V [n ] tt .v[//] AOi^M e[//] , tji t/ LPC f( AO :ft ft fA 

MPfjitiifinT: 


A =/' 


e [/! ] = x [a; ] - -V [n ] = .v [n ] - ^ r/^ • .v [a? - A ] 


(3.10) 


A = I 


tlT LPC 20-30 €#). K 

Btft fit. [ It t; it B't ® '/i'J ( long-term |iretliction ) , fjll # r«l frO it ] , lit lli tj fe At ffi '(W'J ill iOt fflv 
(short-term prediction filter) o 

Ft 1^3.9 nItB,i^il|)J^^t^#ji—t- FIR , JtiM^ e [n] [ t/?f^^( re.sidnal) f^ 

AO z 3.11, Sff ji 1.^1 ^ % ,4 {z):k\]^3.\2: 


n 


E{z) = X(z) - X{z) 

A = r 

= \(z) -X{z) • X 

A = I 

= X(z) • (1 - X '0 • “’*) 


«A • - 


-A 


(3.1 n 


A = I 


A =/’ 


■Hz)= 1 - X 


f/ 


-A 


(3.12) 


A = 1 


WtLiiAm^^AO Z 'WA X{z) rir^t^ tjftiiFtf(f(.UA fll^fi^fn‘'t e [n] AO /. E{z) AOpki 
lf(,fl[lA3.l3: 


X{z) = 


E{z) 
.1 (-) 


(3.13) 


I.PC '{tiiAO(;>t?ttJt 'jlthlAi'^tltAr^ftllJB.J A:AO.,lA tt/tiiiIt- -H' i>f)r—,t 

hmiYHo FIR FIR J'l'J FIR 
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^ eSc-1 * UK 3.14: 


■^(^) I-!'='«,• 

" A- = 1 ^ 


-k 


(3.14) 


^ ® lit'/)>: ^ 1^ ± 


SiH:,*jt3.i3 

t'(z) fPliliit^ .4( j) nlit-^ .Y(z) , Pl'JSif^iil^lIt 1 / 4 ( 2 ) I’tPAi^^ff-^Aft-^ a: [n] o 

flW Af^-^ .V [/;] o 

A^wtiM^LPc 

Lpc mmimmMmmtim 3.15 wifi 3.160 




LPC 



VI ii - A II;K ^ A ft ^ iig «# 1^' A 4 4 /j)c ^ 1H iff ^ in d P A A' Ifif ^ W- ® M' P i 


mn^e[n])'fyW- 


r' 



a 3.16 LPC 
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diiH:, Riw 1^ e [n ] wnmmminM. , pi'J iS 

m E l¥n“MiMk /it^o 5(11 *^^fcijnj, nlfrliHi )M\= fgo i^ h' In#if^ 

3.1.3-Po g m rms 'mmm. ^ 

W fulfil I+I ( 'n ln$i A( 6'Jb^Mtflf^o i^lH'Ki^' 

^ m -t ig it m ^ t# m i/i t st % \f^ m .. in 

.^1)5 ill/f ^nlc( analysis-hv-synthesis) [fillf] 3.16 -Tf'A'>^^l55 LPC 


inm^TpW^is.rt 


vocoder)— 

IPJJ CELP (codebook excited linear predication ) 5^ o ltl AlASISIb.^dOtllfl 




pre-empha.sis ) de-em- 

plia.sis fdter)o 2.4.1 AUl^fi'J FIR i^,ii?i|)^^^( A 2.5) jiff T 




n V ^ 


buin i 






lUn5t3.15: 

y [/(] = .V [n] - />, • .V [n - A ] 


(3.15^ 



“ 20 


Samples(time) 

'l’l!!'t''.^l''lli7 



LPCk'ii 

't-FjdRUi’d 




0.1 0.2 0..^ 0.4 
Normalized rrcqucncy(\ >r radiansi.sample) 

3.17 felA!Mlf67 l.l’C 5)-t/T5?15ij 


0..S 





^LPC H<J'/^ Aiti^nl^f.^/^ H 


-^iV. 





3.3 LPC 

'/¥ Aiti^, LPC 3.5 4’6^j ar"ap)^?i-Sts^fe( autocor¬ 
relation ) covariance methorl) o 

Levinson-Durhin algotithm ) , iMiii^!J3 ?(1^^ ^ LPC ^ 

%nL , minimum-phase 

niter) mW'}kkUT^3.l6m3.n,M'P r[ • ];iStS^R]M,a, 

7E 1>PC ^ 


ri = A - I 


r[r]= ^ x[n] • x[n t] ,T ^ 0 


ri =0 


k = r 

^(if, • r[\k - m\] = - r[m] , m - 1 ,2, • • •, P - 1 , P 


(3.16) 


(3.17) 


A = I 


-iV, 
0 


ii W M JP it 3. 18 ^l 3. 19, a r |. c,„, A r^ A ^ )£ , ji Choieski 5)- (I? ^1^ ^J< M= ^ "A 

( liahiner, Schafer 1978), 


n=\-\ 


r 


krn 


- ^ X [n - k] • X [n - m] 


n=r 


k = r 

I" 

A= I 


w - - ,■ m = \ 2 •■• P - \ 1^ 
li < Am ~ <(lm "I - > -A 


(3.18) 


(3.19) 


X‘J- T- ?f 311 Ih V- , At T- in Mi ril: M 5^ i:,*- , i if Vi mfii '^- Oi '$2 4-‘M umifUj in M /fi'> fH 

tj- ri<j ^ fn ^ o I3<I lit, AA ff 3il '4C (i^J Afi lil' >G', F h 3F fi'J ft- Ai )/> #r, F4 A-j \U T U\ h Ih di Aft K flli 

-fiffiflim'/.LPC Aifii'^nAi'iAllUo J:ii!:Aj?f)J 

4 I j Afi3 f ij {]<} “ i/i If ^'0 ” A'J M—5^ fi'J o /L “ i/t U J A ffi " '5'f' I'. 'li M flli r^ '-iit M--* t In iK^. 
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it ff f*!' “ if^fr ^ -ii lii— f-l' '/ff (f. fl'J i\ '4^ ® "4^ 


3.4 

|)liase vocoder) Al'l9/-I'l . 

-¥- w in] mmm m m. ii a iii; 11 si i?i fi<j ^!>• m 4:4. >(•]• 7- w. 4 $n 4?^ u^j m n /rv ^'• 

Flaiuigan) f[lA'«|((;()l(leiO 1.177 Hana-a f1l (d.ldeii 1966. 

ts fi ^ fF-^ ii it Ffs- ffti m n . tli r- m }7i 4if 7 j S. tl, fM J7 w 5^ lift m M a J^a iA 4^ 

# ft m m m m ^mw m m in m m ifv n m m f r -^-). ifii ft m ff'-i e m 7/ ti m fii; \& -4;= 

ipM minM. 45ijn m ft)A — miw tf fi'j m p>m .!ppi ^ fn mmn a ft iafis m 

Bi.ftdPMft), |njn4-7f-4F4^-ft U t'Pii!-ft'5'ft-7)' 

$ ffl ft ft S ft W ft ft4i^ 4^ ft 4F ix S o 411 ft ft FF'4 Pl'J ft ft j" i4i i^ ft tf i 44 B41 ''] 'P'4 f)4 Hsf- 11 4 40 f >' 

(instaiilaneous phase) )4f ft ft Pi'J 04 4D! ft ( itislaiitaneous (1^(1110110)’) ft 7j' ft ft bii “ r'dj ofi (41 ’’ j'Fj f,',' 

3.18 J¥| 3.19 4n[?| 3.20: 



•v[»]l 00 ll/ 



• 7 [/ 7 ]|(}(iM/ 


a 3.18 


lOOHz 


- 7 [ 7 )]iooh? 



10(1 H? 


m 3.19 


lOOHz 



N N 

X X 

o o 
o — 


N N 

X X 


o 



3.20 

(iiijiii'i''ii'!W!4\/; = looM/., I'lft)jit)h'i'-C''W!4\/; „.„ '-jKii-i'W!47i (Wf?'' 

’i\ I Ii1j (5/f ft Ji ill 4i fi'i fi4 Iig 'IIF 4r |,',1 ft I'ltj. I - ft> !i;iji (1!|) 44,ii]i ft: ii(c US H l i'i4' | > 'hii ). ^i)7 V iV.- 

rtft4;7i4ftft:ft4iftli7 ftftT-44iftii74)4(llifti^ l„l)., ' 

ftiuiu ^iM'ft'^iiiftfninifti.'.ift’ftpft-iiF,, i,\ jftnf;/.difM;>,ftt,v;'„iii!i) fioj 


-ft. 


/i'/i»yi;.;Ill At /ftiii j 








lOOHz lOOHz llOHz,MFtl'^f^lfSH^it^6^li?e.; 


ixiu[4i^$f 53Hz i^^iJ4’, AJK 

llOHzo ix.4l^110Hz)iftAT^t’-ll''®! 
lOOHz (im.mwAm 3.20 IIOHz,-^!^ 

;(l;g^i:i>j[?.itE4^A*®'$ lOOHz 4^-SCo 

-- '-■' ' '"— - •■•# 1*1 I—ij n *'-»-N. I Aii nil r \ ■y^T' M J \* 7 '\- /Hi'* 

^m'fi4.1 [//] 

l^if W. tH(5 A> 5^tlft T.iiilri (T^l5<J, it^^tI±Ait tf ttit, 
4- ft A ft hi fi4 $: ffi fill 6 'J ^ w li A 4 ’ t 'm ^ o 

'J'j ^jUii'fi'ijictiMlfRA'o ®itt, AfSifipsfi^^if1^, 
iS 'MKii'tlrnfft Mi0j|HM'IM4^0tLM'jSi(l£iil:f74fjn fiU n'filicfij Ml fR^f-, AM^SM^fRtl?^fJlfgt^' 

'^iJ . ^j[i A. iii\ itr v 


3.4.1 

'^4 JPA3.20,Sti 0(/.) AlE?gf^( A 3.21) P^7S 

f7': ilt^7; w/+cf). 3. 22 iViE^^fii'AP'Jf^MtafA </> ffl'/ir#] o i': 3.22 P77Mf(fjtfifi </> 


lii-p 


'J M<r^ (f> (/), '^4)^ 




./■(/) = 


1 dQ(t) 


2 • T7 (It 


(3.20) 


y( t ) = siii0( I ) 

0 ( / ) = 2 • 7T • / • / + (f) = W • / + (|) 


(3.21) 

(3.22) 


m iiii (if) fi fj7, ^p it 3.24, A /n it' ^ 77 Mi ^ M 77 /li Pfj ^, al Itt 77 W A ^ STl r lit! 
a' [ • ] fij'IMilt HJpA 3.26,77-'t'|^lt 2tt ^ A'tM ^ ft if, flfetl^ At) fi A Hz ifflM^;^® 

)M.^ A f-P7fiJ m + \ P<jltH7)til!'^/„,.,o 


A'[A] =« +jl> 
L X'' [A ] = ^ [A ] = tail 


-1 


(I 


A'" [A] \=Vo- + Ir 


/;„*i = 


1 <p,.,* 




HI 


/n 


R 


,/; 



(3.23) 


(3.24) 


(3.25) 


(3.26) 


f/iBSil.l!'- 


(111 Ml- tf- iM 711 ft: /i-: 't ft 1 'a| I •. fiM 'it ft 77 7t 71 i ft 4^ 77 7i-: 't Q: Ifi'-I i^'J ^'J ^ . 

4'7i<J A A 77 il-loAllll^t Af^'iJ, 'M\m 3.21 liTr/jf, 'it "t ft'iilc - A ill j^ii-tii t/li] Ml 'T'-ft Ifiili^^ . l-]ii7 

/7 A- liili I'. t j ji in cjj fi7 A. ftr it iM fiJ 7iLii-, 7lf MfJ fi^ ii71' 01' 'i IVvi i'tc ^ ^'1' “ ^ A''' /' 

71/! ^7'. 77. “ U 77’’ A '7'- ft, I A| li'b Iliii'J' M 4h 11 i^i 4fj )'7f it ii fiM i^M A iM aM fi'J 711 ft fi'i lit 77 li-t |h] |i i] Ra ifii HI 

t'lJr 71:f(''JP7r"H’nl|iM'1'= i//;77\t!77''Ml7’f7'.MfiJ71lf-tilut 3.24 ii?)- 7llftfi'j7i'.7H((Pltl 3.2i i'if/j>: 



252 


^“^2 Till 



tH a ft BiBt m^ (4^- m 3 . 2 1 > 1 > 6<j ,»■ liti tM4tt]) o >t4T- ^d: ^ i^J t i4!^^ ^ic n^t I'u] /a 

n = m 4P n=m + l jt 3.26,4^ ^ 04 I'hJ fu] H R = 7' ^ 7'f# IE Iiil] 

,i¥-^ffli7it:!/i 3 . 4.4 n. 


3.4.2 

i7^0^0745I^^P ( |)hase unwrapping) ^ % 6 3.3 IP Et f0(i^If tj. 

iir 277 mm{ kp 277 m'mmt): 07l. 
iaiT+0f5M7f[)7i^.[iiJi,it^w7"+0fP7^if,4'&4t0fiiM 07.1^1 277 
IijfiiM^4 m 07 70fi m ((fiiTit^ 07 75! n 70fiii^^ftM) o 77r mm u 

= lOOHz 67 fit fit 7 t? 67 7^07 70 fi 7/f7J, it WPiim 67 70 firp^ij jt3.27. K-0' n 

r=i tX t7T:^ffi.i^f^'J6770f^-¥-f4^titM7i:^?ilI®) 


<p, = Q,(p, = 95 ,(P_, = 190,= 285,= 10,= 105 


(3.27) 


fit X it i: J: it A X 70 fi fi 67 M 07 75i ti l T: 



(3.28) 
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j t M f - 3^ f ti T N IS. ® * s f*!' m ^ gij f.ii ji IE # w, ^ ^ 51 i® IE 

nTn^S:^^ft6-Jo ji:^f+l -ffifiJgEt 360° 

i-ic 2 tt 12 .■5>n^fl<]'l#J^o lajlt,^^^ 5 i|!!)lia^ftSfiMff-BPjjP 

t—t 360°( ^ 27t) ficn^S^E^iOlEfi^iSIliPtM^: 


<P^ - <Pa (10 + 360) - 285 


= 95 


T 1 

<P6 - <P5 ( 105 + 360) - ( 10 + 360) 


(3.29) 


= 95 


?1 3.22 ^^.'h J 


T 1 

iE tS fm EF f?l, S 4^ 1;^.^ ^ il ff/p tS 14, Ig-^ ft ^ ^ M ff BU 





3.4.3 

^■ijfnft±,(mter-hank ime.- 

prHalion.Dolson 1986 ) 

5'liiE'>f^ffF(#fflf4;-FL!,-;>«(i<jFjL;^, ftftFirji- 

E4F4( fJIrafi^Iia) FF, l^il 'n fft'liltS) ijI'J 

ik ft ijg ft fri '.y -Wi 44 ft ft ft I' I ft M fFj lE ft; '^4 iitft # iHE ^i> T^' • 2 ^ 1^1 ^ • 24 J <' I' 

4 \rn\^\f[n,\6y)]vm'kLfmwm\mmm\m^¥o ^ 

ft ft ft 4« F'i 4,4 flE 4 h: I i 4 4))! ^4- lift 4^' Jft ftl I f 5* * ^i'-J 4,4' I' - ft M l"''J ft ’/Jit ft lEftl i - 3 ■ m | i 

r'i'-i:-«!4>«'M«i!i«'«Wfliini), immf\ ^’ft/E-ftti- „■,, n-r 

un \:mtsi>■('■„ sjt.ffiifirnj 11 ttii»ii.tii,i*'),mi«ii-itui’''i '« ■' 

'¥)[ '¥■ o 




254 








59 tl ^ ® 



iail N-\ 



A\{m] 

./:v['»] 


/v-;[/«] 


-4.'[«)] 

./K"'] 

Ai[m] 

.//['"] 



HI 3.24 ^if4l&59tift?59^i±Jt^6<]ii;J5^^l^ 


VP]^‘LAm.h% lOOHz i^k ^lll«) 

>11' jfi (s s R m m 'SI Si m m m ^ m # i fi fti- if^ i;i<j ti l h.ij , u -i- j ■. f 11 fs .ir ' i i j< r r 

) o ^Ul^l 3.26 Wf/T:( 1^1 3.25 ftS4i2^fi nl^';>). R-lHljM 

MMm x{t) ]t K >15.It \fnR)j\ciR ^ 

-iltfRa>j = 2TT/=2TT • 100,, jtili]u;liRiHi|iKR..a' - 




n i-7 W, ilS fttii ril Si , ill 1 1^1 3.27 o JS iR ip m I'IS 11 1'IS R R' 


t 


il t^RlIfS:, k\\M ikll}-^\\tu 


%? nJ'itgjR l'.it:i|'^f|R( liel{M()(lyiiiiig) IJ|i . i.'A/f|’2:x'R i | R f'll f'/S'Il:? 
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sin((yAV) 





COS(W|i0 

S! 3.26 


iSlT DFT 3.30, njWit 3.31 fP 3.32 itW'efi'ltBfiW in 


C* = r/ + jl) 


r L\ 


Z_c = (f = tan 


-1 


J 


(3.30 


(3.31 


r 


= \/ (r 4- /r 


(3.32 


Kin^ x{t) ^ t. m ^ i . 
sic ft if 5: of It nPffitPfi'Ji; . ?lll[fl 3.26 ^p^^h#:i|' 


c()s( .4 ) • (•os( B) = 


cos(.4 - B) + cos(.4 +6) 


(3.33 


±itfl'j?P^S^^(.4 +B ^ A-B) fijI jXT it W il'JSii[i]o T±f'h# it^1 >,\filp-' j 
sin ( cot) i^-p cos ( (V/ ) f)'J5^ tlti Ijili 7' — ?P ^ X«t „ fP 57a M flfcil ^ i l^t, 7il # 5>M (.1 - B ) I)|IJ 

f^^o faii3^i^li57Mfi<Jfflf5/a:^itnu 90^l7f^U^5257M-^PIE?^57afI'JfflM7KiI^^ 90^ IMilt 

^1'^it^fi7«y f, mmm'& 7PflSiifitfj^ Ha , iH'HTP^ '}^ 57Mfi9tij L'i( A-B) TTlf^g ['i;tc 57 


a,^•7"57m.'t|H77T7t tbfTtP5!M,/* = 1001 Izo W157M( iiil \lU fn ,1.;.]^;;)];. 

oo^ti^i-sfifciiaiiiiJiiiniBijrj'-1 jt/fi 7Tft , iim^i 3.27 it'-^jt. 

fhTiAfR^f)<jjt#'^i5^)I7jU“ 7yi^'jTify 7>a (ll!i; fP A7" 57 a) ft 'AHm] fn p-; sc 57iiU in- 

pliasc and (|ua(liaUne componenls) ^ Rtfifi Lii'tMt-IJ \ it ffCl^ ft a^Tii, P!'J "] ill A 3.31 i|7T5i)!) V fi'i 

pt7jfllli7.,cl|jt 3.32 il'W-iPMfl'lt ilPr^l 3.28o 

fil I riij W idi, fri faPj ;>,si A # fib 7 1 ' “ flit f if il I" ( RR ff^- tit l7j 'Iff ,1 fife iRc rf.'i). fU f'J11J <'h A i 1 ■ n .ii' f'i! 
9ri:>!^iai|tiiiityJic;fAif|fWtjj'ijfll5o x7(i^:P7ipiV,fitfPmP7fllfaiiAittiiiiA^ K 

-17- Ji i 1- M- liSi:iM if!;! 4'-, A /f' 'ii it (iff) Jili iit ii 1141: “ X'h if? it J'l!" 1,7 li'j Ili7 ii 7 THi t-:. IM 'A/ {(■ A'> i |- n ii fV: 
'''. fiiu A m i- LiIi 1 y, itiii fi; 71 ] j' |'i; y,!^ 57 M;' I' fi'i."] 1 1 1 |Wj fl I ?|5 i7j lt£lPi fl 1 (7 fi'i. (If n , ',7 ifii-17 





^ J if^0^B^'®^,T — 3.4.2 T^), 

^n [fl 3.29, ^ t0 fi ^ <P (/) „„„,„„ o 



^ ,/■ -► f 

1113.27 



m 3.28 


tSfi-^ilillISiSWit 





3.29 

kWiyl-Wi /f-fl-jHI+'lllWi'llllfilliiJI^^^'J Ar A(p^|5:^W 

At irnifii m fijo mm-m a mm it.'f m m in m-mmm m je m wio 

III f^h^im.^iJlAM-fll^S r l)Ci'i;y;ii5)-MJ®^^ftAA J^IiltiaiH'^^^-l^^ 

mfinMA(\<]LE‘}mm¥:i'j io2.34H/.Ai'^it W4^»^'"^>H’^'^'^^^ ^ 2..34iiz.a/s-w 

i>\ m\m¥ A/'IJII A-flW-H«t$li!4n 3.30: 

j: i^'j ?■? lA mijJcmm it n >j /n i^i; r ii i fi/:ff i 4 iil :ii-'), kn i?i 3.25 ifr /h o ^ . 

•fii a I s,- m I^I 3 .25 # A- IM\ Z m IJ|5 A M /j*? o M T M fi'-4 4-, fA ill Ep f 1-. 11-. <vA 'm f ■ M 1" j.'' 
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firnii ^ ) 


fPuin\T(if>{ ^ ) 



3.30 


3.4.4 

'Ti'fi STIT 1^¥Ji 

6'j STFT tifJliifliR —. ifA^J'-'J"/>/u' J■ r^,iTAl'^fii-t- 

^j)t±- % l)PTl^jtK)S;)nr^-(Aj(X>J-|,v;|?—tiOiM' f?iJ(jn..V Aj1.()24 

kHzJJ;f|'1^.5>IJP|"!)!lJ>j7.8l25H/, I S?fS 3 t !|;i;lit-'4|ii)i. 

7.8125Hz J5.625HZ fTI 23.4375llz 


/» = \ - I 


A" [A ] = X •' ["] • ' 


2Att/i 


(3.34 


// = 0 


ffi: nf ts {i in ji; lii m ^ ^ it i %. m H-t w iti w^. r-i- 4- wj i h 1^ t ni <\t\- 

mMijiinW^o It it 3.34 nj tij, DFT I'it liitJ i |-W-fi'j-il^ii'ii fit 

ft ^ tl IE ti Rii; MkH tv 4I: iiJl fl'J ^ It o 


Kltra Afn o'.v [/;] 


t^Rtl>j] ( linie-strelcliing) 111 f^ i)Aj ( pilcli-.'illiriin'i) . ft |hJIII d] jlM: < 41 , [I [ 

«3cftiilii]1j(Wit. (^tl^iJi'Sti'tj ffj lii: 14. 

tUFifi^-PjIf^fi^jM-^Rt^'MIiAat-. ttltl^Jtfi^iiiw;li nTS'Rlciii'ftw- n t'liliii 41'l rtjtii-t-, 

itRicitttiiin'iAii^t#i(( ititittstfit^itittiiijitj). jttdtM'nitjtt 

.t5lt-V,:l^^iiiJ; ISTFT ^IWfJRHlMfR-}A|l]4i T ®4 STFT tJlt'il'tli'jS/JII |•..Ii Ms A 

©inifPffl 3.31, tC-rt STFT l^it/tlattlilfl it. illitititMlwAtilf f r'llii^ftiilAJ Wttttj il^tHV .i)i 


t;;,[] 


-<[■]' 


-v[«l 



-► .v|/;l 


3.3) lSf4®H nfSRilS^tipf^ 


r-L in 
1 ^ 


•I'l': 

v:. 

) .• 
I'« 


14 isTFT l^itfrv^^rifi/fiJtltfn '/itiiji :Ajii.jMfn 

tcfltltttitit (l4tj'li'''>t-tl;. RJ.l,ll t'l v.n|-''tt>il'4 4( It 

k iii-nintA)^-t-o ajt lEitiwtiiitt stft tii4'-iiiiii.-tiiiiitj),■!:■ ir-ifii 
lt,ttlJI!lftlf$]f.tlTail4tll^ti'J't)!4 11 It V:ft iVillSfR>J titt:f,i.a I'l-. fliF/ 

fft;{,^ri<jsTin4t:4titftttit4'W <i(i¥:ii--tiii]in\.ii]i.inTT//tiifti!4<t^ 

•t)jii!4-/rti'Jt4t.. !l^)!4<ti4lti1tliij[te4twt'^( i)( I'itu i> iii: itWWt). tii4M4,tji'i:ji|iiii 

/i^c44tim-i^itltt-llliii A- lit‘i)II)tlit,'W"(rn.linn .lish.iuv ) nj 111A 3.35 il'Ot Itl' .V 

Willt L!|]R-J'(4f'.ii:)at't DFT 'iXtWKilt) .A ti|ii)!lr-''j-,<f 'tt)!it;i|iili /,- itjllltv,.. 










</?[A] = 


2Att 


(3.35) 


III I • a<-"J' 'An . M T ^ fi'J ¥>i , rs] IM (5^ ^ ^ - IS] ) It m igi ill in * o lie iff It ^ 

ijij Wiiff- ft fit jTi, (jn m 3.32. -:/? j' f5i T- aifi ii sift slj (i<j ^ It .-t, l?l 4^ ta fi m 

in'm . S ml 'hi .V fn T - ¥i .v +1 ;t fu] d'} stft k 

u'jfiin^i^ 45°^)^#,If. ,T—Ipd .s+i 45°n4 Rj^o 

HI r'l'j H^ll't IJj 'P- Itj it ^ (jnj| 3.36, ffl ft 1^ IF in |?1 3.32: 


<A 


(s+D/r 


[A] = 


360 • k 
N 


A^., + <P<«,. [A] 


(3.36) 



3.32 ffit-iiti STFT itlSfiflllFuSJFl Zolner 2002) 


fli fill 3t- f.i '/!$ ifF. JE m 'Mit,mmm 3.32 iiti tmr-mmE, piy m 01 ta ft lic % m fi f h 

at 3.36iH:fTili$,F^lt/.^tnuip!)i.s' iriT-il'ili.v+i :timmitiMit^^^-^'^^^ riljit,it-ii‘l#i'aT. 

itjiiiitiftfFjiFW-'fi^-ij.AirtMij'ii'n.s-tni 36o it 2 tt m ^w.mt 

libtiliiioEAii'l")': A- jit#iJtj 45°) tlt/itiJll h'l'ili .s+ 1 i'i<j'.^ti!i!']iaft( rtl dft ,MJn 

t'itifillj:t 3.37 I’E/E: 


‘A(,.i)«„ [A ] = 360 • m + [A] 

*3fit i.flllit 3.38 HUto lluC 3.38 ititl^il 3.36 (l<J 360°-''' 


(3.37) 


^¥{ s *\) k „ [A] 


n\ - ml 


V 


360 


\ 


J 


(3..38) 


fi'ij filI, it:/H ¥a 4Ailitji A = 32, H yfitFfl-Jffl M 4A!ii M 'J'j 45° , ll'lM‘ j^IlI t A' - 256, -11'jij N' •« (FJ I'll 
ft =47° /I, = 2oo,wmmmim^mim iFii^f:n>J4aftiiitt:tK 36o i'fj^ffuiai t- m (ui■ 

K: 
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„ r,, 360 • A- 

‘P(.,+ i)K„ [^'] ~ T, ■*■ ‘A’, [^l 


360 • 32. 
226 


200 + 47 


m = mt 


= 45 • 200 + 47 
= 9047° 




360 


9047 


= inl( 25.13056) 


(3.39) 


(3.40) 


3.40 3.37 A- = 32 Jfi 

aMMf4 ^ •20°o 9. 120° Jllit: 3.41 l^lf 

3.32[^st,w±{tw#p;rfx^mri:iii±ri'j^^^p[?i 3.33— 

m = 0 360°|5MtPffifiit 3.37 

&^m = 25 


9120 ° 


Jr 


9090 ° 



SI 3.33 







^{s+\)K„ [^] 


k = 32 


= 360 • m + [k] 

= 360 • 25 + 120 
= 9120 


(3.41) 


3.36,3.37 3^3.38 3.42,3.43 ^ 3.44, 9120 • 'Tr/180 = 

50.67 • T7 


<<+i)«,. [^'1 = 


2 tt • k 
N 


K. + <P., [k] 


<P'i.i)K„ [/c] = 2 tt • m + [k] 

v;,.„..[4i'' 


m = int 


V 


27T 


(3.42) 

(3.43) 


(3.44) 


7 


1^35^:3.44 RT^,ffij^3.45 5 ft!5+1 

3.26 3.46, hz a^i 


^^U+UK„ [^] ‘i^(s+l)R,. [^] ‘PsR„ [^] 


(5+1)/?,, 


/,..„ W = 


1 ^‘P(s+I)R„ [^'] 


217 


K 


fs 


(3.45) 


(3.46) 


3.4.5 


3.4.5.1 #at 

i\'-]A>(y\>§MUHWWiA STFT STFT 



AH 2 -l*-.'/vviH> 7 ' 


iEmimiihw) »£ istft ’^muMo 

a I (i<j m i& -yi II : ± - T e ^5 im t i/f 11 i* fa lii ay- im ri- w- o t ik m ^k, ^ hi 

mimk%m,m^i\''mw:^^AVAy\\\m iK^rnmuL-jz. 




A “ fifr ” 'I'yi (i^J 'I'M fi, ^'t-TB'l |f^ h^Mi 


Ai A U A iC 'It ^jY M (m ^ Ilijlf k) ri<j a m ¥\ h\ f - Il'ili f"! IfliA- 
PPliiHfl'iJililiifco -AiH\^y^mi\'Akmiji\m] 3.34,KM7/^. = 3 • A„,ll^a-JTt^^AA 3.470 


t i rn e _s hift._ralio - 


A 

R 


(3.47) 
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is, m fet w -a ft e I'j ^^ 5)- fi & s tR ft w u m N Bft oj u t# in ^ 6'j ri B^t m # t%. ^ 

^B s+1 ^Ih] 61)0^'B^tRft^ '^<P,+i [^l, !0*J f’] rhW-ffiA—•ft0Tl0!)W^61)'fRftJHM(*/'(<+nK„ i^'] ). ft 

M:^^#^f!^^'pJ)^fti^iT'p])!6'J^B^tR^5 (f>'(,^i)„,, [A-] , 3.48o 


<^(..n«„[A-] = 


/? 


(3.48^ 


IT. hr. m 


I0|[}1(« filths • R, + \ 3 • .s- • ft 

ifMA6'jffiftfi.( fR±# i lilA 3.49 if^o 19 n A6'jft)At¥ A v[n] A' : 

tftt)?l)ft'f'MfSft0#BAfflft6ftii:?^ftl::tAj(.\' A B>t ® ^ )l: nJt Frr ftrt.);- A'hH A ) An A 

3.50„ 


A.I = <£„ l + </^,.nK„ U'] 

y/2 

.)'["] = X 'I-. [^'] ■ '•'*>’( A [^1 1 

A = () 


(3.4^)') 


(3.50) 


m 3.35 ^^fll Tn^t|iiJ5l!iMiif¥;tlMp)^fi'i lirr-ftfiK l”]B<J 111 III tlllfeAft'liii-A^j I- li: 

y/ic M tiJ ft 6<j f: -ft: „ 

ft ft] 3.34 fiftF ftl 11 i In], |?| 3.35 ft 111 J' ftr J]^- '|i/.i fi'i. Iifi fi'i, iI-) 11" i iiu iIRi ft' -fJf Ffi \ i|ii!i (.v + n • 
3 • ft,:ftlft ift11lfi/:Ji1MAIirififtiii ^ ilifti I'l 'ft, fv: riln'i /.• ilftlftAtofi'f. ftiil: lJ: ili .i.„., ft ] A 
fA] fi'JAflftrift., ft;ftii<]Ai]( n) Ai^^iF'A Aliftft-ft r sft, fill +1 )3ft,.ft|ii]ift il-ftjiliMfri 
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-T ^ BU Ip!)! T — III;*! 6'J ffl fi IfH (t, tH {4 ft ^ (A,,,,) it 3.48, j*—fi t# 7 It 0^ $11 
-itSM1i!)Il^j,at 3.48 6<j?/II)tt^S( Silt, ft 






i'4 |iJ T ft i" ^ .ft lE fili ipM ft Etf ft .1 „ [ A- ] tn Rt ffl fii fpli ft (^>7, , ft S 3.50 ii ft ft /v /2 

Jll^’£ftft( DC iLitftftM^Sm#P^$-']i®'^-ftft) 69ftf]nif Wft^^#ftft9^Rj^ti.45o ft 

H-t^iJ ftftZ69^1#.ftS A72 tiE'J25>ft^fto 

ft'ftn'ji’HirR.^', A- iiiT—iPti+i s^iPtfti'Hi^ii^^^.ft 

ft 30% 



3.35 3 If ftl'B]ii#S&^lllilift^gft,/?, = 37?, 



Discrete time(/7) 


3.36 ft I'i] )11® ft 69 iJS H ft I 

ftiilfft i.siM'T i.sTrr( i>i'''i' E •tiifti+llfWo f*- 
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^ ff- o ffi fJ^' H A'J ^fti Bi' ^ti Si ^iE f!)i fi fifl ^ 

ffl-^ DFT-lx®0f^^fillB^I'H]lx,l«nrfl 3.37 f>Jf^o ttB'/I^^ri^MM't’n 'X^fiZS>]if$iHI 
# * E^ - ?'J IE^Eatfl/lie. Mit ISTFT tl S^ 'i , §• 1" DFT $51 llJl ( Ei ^ ^ ^ fi'J A'/2 t IE 

DFT Bt ® iE it t0 |n], iH it ^ Ijif; ii a OLA 






Magnitude 

A 


— rvj 

■f “(■ 

r»i* f»^ 

S: 



> Discrete time(/7) 


3.37 ISTFT iiM W5i-$/f ii±i^ 

fi JPjt3.51: 


R 


(.<+!)«, [^] D * ‘^^(.<+1 ) R , 1 


R 


(3.51) 


r/rj^'-^o MitifitfEjtH 

mm^m~mmt.mt\mf\-mtL <p',„, , wfyc$#fflf5p^jr»]iE^^iE, tu^ 3 . 52 : 


^ (..+ !)«, [^ ] ^ iH„ [^1 '*' (»+n«, ] 


(3.52) 


^/^^|-Hj': 3.52 Pij^^l^i]5iif/iT6'Jt0fEfllr|-^ft|.lE^(l<J DPT |i;f k (iV/Ha v' [k]'AnyK. 

3.53,^-^jHllFfiPij;SiE^P^ ISTH' OLA ItiB-tMfH 


t'' [A] = (I tfA],,.,,,,!) 


(3.53) 


B>t I’H] fk,^ 1)^ ISTFT tl gy AZm ri^J B't fi I] JiE M H f*!? - lit, H ^ HJ tH (4 h- '*it ill: )E f C il i f (/: 

fto ISTFT tl Si (in f?l 3.38: 


3 . 4 . 5.2 #ijJl 

iJA]( pitch shifting) iftl Ijll tt .'li;) . t f^B«JStUt.^<o 

(llllll 3.39 )t/K( Dolsnn 1986 ./Plnci 2002 ).. f^'J (ill.'illki-if f,i''>(<''] I'. 

/VIA' , I If ;t j|]i H $11 f\/. , li ff!, jir- {y |Uj f * II.]- f,|] ij; )^. ^ j-- ]' 4 : I /2 litj I I; .-f.; ,(.] 1 ,.^. 1,7 |i<j (,7 • j- j||^. 






Magnitude 


to 




+ 

to 



3.38 ffl ^ t/f W I'a] e; # ISTFT +1S 


x[n] 



3.39 


mv . (phase-voco- 


liglileiinienl) ’/® 


4. 


nl WSf.ft, 4" tf-i-fn t/L^fr^^'J M AmH f'P^K-^ V]m H M‘S 




t‘^ 


4.1 

iiiA/hill^^/L^^hWf'A'I’ MIH .music information re¬ 
trieval) , 31 flMM ri<J W'A A- i '^- A fl3 T-ttim H 411 >h rt'J 4^ in o ^ 4 ^^ '^' 

\'iti')Y^yu ■^f(‘A\nUM'^i MiK fi<jfiif'A4'>®4Hii A iVili^ m ^J<fn ^j4iijfill. ?i4-Vfil-.-fctf'i( 
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feature extraction ) ^ n till*]') fll Mlli llvI 'Tl'S!' 

a m M lit] ilii ^ Hi T fn a' I' i: fn ,&. 1 ) 11: f 11 % n Wh i|]( W & li >j m ii ^j if '/i— ivA'i fi i 

t 1^'I'Mn ao m /ill. a. n \(\\ litj Jc 11. iMNf'j 


% - #, Jn ff iil«'] i^'#J , m n A m iR til U ±- i'r iit tii fi ] .ii ii -VI1 3% ^ i\3 1 Al I-1'; 

A fl't A #J fl^ iz /A .ii ® id- tn A ttjl A fl'i-ii W "]i- A vlt f j' i)\L Vi- ii: id — U f | 'pjy ^ yy<j n]y; |.y.| r^i 

, |n)a,^tA^aiill'ja<;ir^;iA /^ll'l^a-Bit rVflJi-LiUf'i! PJ|^ra)-/]^|^ff1tiAL!|lj]Slt9in-|^. 


oI fR til iii i 11 i^x IR ri9 it |i|>, Al- M It fih c .'lA fi ii IM') m Jj IR A fV lit I: A I-' I JA ii 1 xt Aj ft: 'it; I', 

# fiF. fill ^ij ITr o M T ri'J f?iJ A, F) I a ”1 'til. A /)' - A iVj ^ A la t i; Ifi A J t flk A U B A:. )■ ■•] n-t iiii 

il A /)' A # li'J t^r 111-. ( m iA ^in), if nf iU t-ij lift ii id - A ^lil I'FJ ■)'] A’ % .f id tl I fi'j A v'i c A V. f-l' 

A ± , ii t*!* iA 'i-p A ii |i'¥ fK r tm if #J tfli It iA /i-; A ffl (r It 1' tic f') T i! A- ifp Jiii. A' fit frf i^i 

a f - f.|. ^ tt a 1 W iiF. P'J A ?i a tfe W F - i/ij I”) P'J ^ m-filI : " "IP S A A l^t t fp -# t'l 

A BiJ A iR S'j ? ” “ "IP dt # til t i-ic ti fd. |ip M id PU15 H'il i?it A /r: A t m ft: ‘?" 1: v '\ if- A tff - - 

* A A' # A ft- A A PFJ a. A fit iiii ilfl it A o 


4.1.1 

is ( spectral envelope) di A # A ® fit (R i5<, ft lj)c — Atfl ^' fit Aj A- is ( RF t tin fit) in 

P<J ffi tic ft ft Fti t5! i-^- ft ft'S- P<j it S Fff A ft o 'it fi-J — A t A A Jl ifi id iti lA ipM fA ft n't ri 'J 


ififtl^ ft (line-segment aiiproxirnation ) ft IfPt ( Crey 1977).ftPU 100 : I Pt Stli'i A'lA 'll iR fiJ 

-i?-Ai)tAiiiPM4tii'RA)i]TIAftAaftJ^fft;jMAia(1t!AA<ti 

ii iPMft it ft ifii ft ) fti Hb xt fA §- P '] ft ft it it # ft )A. ft lA ift P'j fA ft ”t ift A i L f- ft lA ft ft- - - 

fto xtAA^ftP^JdsftAftft.W'AftftA.-^J^Stft RtPSit 5 PtM 7 lAPAF'riAAftfiliflllA.rT-A 
AFftiiiM/K , i^ftiP^ftPllil^ tP A/dtll AP'J , iTn id S ft P'J ( Howard, Angus 2001 ) ftit—-A Ait A; 

^^iiPlJJIft,tRiF;'|J0tttffl'Jfii|^tE4dA( Puterhaugh 1999) , fj'A ftSt'Aft ft-IFt^flAF 400Hz fPj ft 

ft.Rftpij 10 AitRAAftfiJAFFAfRA.iA A lo IftPAftfiiciRAftrf hRiftr^Iftft tfi'Aiitft 
ttP0»:iiftiRiJ,-ftft Aftj^Aiffai^i"tfitttiifi, stft ttifpj kms ftii. itfr -ft 

ftA DFT ^RKiifilfAft-.iAfiP 3.2 Aftftiij i.pc Atmft, 


4.1.2 itH/v): 

is'l^d'f spectral centroid) idtliift A ftHiJ-RilA ( hriglilne.ss ) P'j ft fttt fll. ki .ii — A ‘Ii!- ^ AX ft. 

it Aft it ^tif-tSC Helmholtz l954.Lichle 1941 ) . Mit AiR'AJRT ft #'tA']'|t J-AtFRlt MH.^ 


( multidimentioni .scaling) itiTMlA ( KrumhansI 1989. Mc.Vdams e/ <//. 1995,l.akal o.^ 2000) in I'Ti 

A''tWhicidtiliis Sdftif Afi'Jti*! AMo 'it Hi 'diiifti/f J-Jfff. Ft iff: At. A //*PM fi'f. x>J tAPM ffl .hark 

tDf'^-KatSekey.Han.son 1984) FlltAft't ft ( ft hark IPJAA R ft fPj i'ilft ft RPR A ) fh ft fhj Ift 

Mltlfti', iilftftPft il-bft, it ltd'P'J ft it ft APifiiO'-ft® ft^ Ifi] ft fb RJ k \]. A 

R-ftA A- c hfftA1ft-Kijft.ftfi:ftAR-i5AI*-lfftiftl.t .ii-ltfiFi'ifuJftliiTfit A ftiA 'i 

H-filift ftftiAWft-. iiftff iiAF.'V; Fi-:ft iftfhj A [n) it n It ft HliftiA H.'i, ft *'/ ft fi: ft ft ft'ft'A ftnii 

'I'il") 'M fit B, LU i^; f/j ft. ft: A ;>,^ P<J di ft ftj tt t'l-:,. 11 lit. ift ift A' Id- MPK(i 7 

[aj.Al^lfyi R'4CRl( Motion Piclure Kxperts (iroiip) j itft'I'ilVl.H^ft ftfft ftllit.ft -.'A 5 4Pft 4.1 : 
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sr = 

Hz 


Z (\ -1 I 

..,*• ''U-l 


I [*i 


(4.1) 


Ji't’ .A"' [A ] A (ii, V ^ DFT ^ ® , SC Hzo - 

~ ^ “ 0^ ^ ” pllj ^ g ( Backus 


i'/l. Fh ia ^ 'll' fij 'W . ^ W “ 00 " W'J ffS ^ fi ^ a , "0 


1976) 


lii fi lA A;, ig ©'ll''']' M x> 5 c S iti!i y„ iJ 3 —ft, AA ifn ©'ll' Bic A;— A' Alfi (i(j # , (iP 

jA 4.2 ( Kendall, Carterette 1996) - 

'Akfj( Kronen. Klapiiri 2000) , W WfeiK^lJC Park 2004),, 


^ dF) 1)3 - ft m ^ m >(■! (t 


SC 


I ../'(‘I 


rclalive 


1 X— 1 

./oI,.,.V[A] 


(4.2) 


m 11 t' I' ® *^ 51 ./;, tit a ei'j im. r oS w © dp ti * (k i)ii w 'm ^ s i® ^ ^p 

iVCiEid^ijyiJ, .A;T^f#;^0)fiH()if©'ll'. 

4.1.3 

sliimmer) -RA’l-2i(j®( jitter) >$rii^fP©'^JS.!il'J(lll 

"A it .x-t 

il-iJi 4^ I© 11 •]■ I u] m^^it XI m \— X # n. H (A ill 'i& © iPIiJ ^ iit It i'J o ©, ii 1^' © 7!(1 Jiii 

ltfAlKl4;. -T4i|-WM©iA-^i)A©/i©<J*^Rm-'/i;^4iJAI 24 -J-^ bark Rlto 

mt.wxm'i- 




X a 4r- X. w 1" x>5c i«5 vx ± (bj m . piij m I'a^ )&. m $ w ^ p'j 4' -ii' 


;7A © 1A At 74 © H A-J 5t 7p a 4T ^ nf- tA f iT.. il "a' iA Aj M ,&j ITr lE m 'X 4j 


4.1.4 

7i/! if! ,ii!i a (S| ,ect ra 111 u X) ;4? ^ A? (© iM’ 11 Ij 'A it (R 'p!)! 4IJ ipiJi m m M fiA © o ^ '4 M jJ i«i 11114P 

.9 ITT ipdA-tlVil mti&Mi \-%. (iPSt 4.3 : 

sh’ =i v;'[*j - a;;A [•] i 

\ [ • ] A;W(i'Jipi4fl'i;7>!i!:, KATv/Rn./'-i ^;>)jijavi4''1i]u1'!}iA'iiu-^'4o !tD!if!jJli{|!:.s7''TfiM a^RAj 

in te fl'l. A ft (It ('lella niaenitnde speelriiin ) |fl Kitl" ri'fn Afl'J if!*Pni Pf A. ftiClx. fklLii d'fn 'j 

■I'AMLi/i ,4 3 i/AA/lfi^MAfli AAt-rfiHo ifii A(jA©RriAPiVifi'iAftWJHfV;AA^4^^ 

% U. M 111T i,'V A fi IA (K f n '/ (I-J X 


4.1.5 

A7®(if!4>/|/( loe spectral sprca.l) AlIl ^KfitEVO^.i Hr 'j'L Tur.Xr 2001 ) AJ'AIiAJ - t !|i', fi' (|j 

4i; Hi , 'b' /H A. Aj I'. F I'lA 4AA. I'lil fi-J if!fit M: Ah P) r, i C' I' I'. K l»17 7i!! 4”- tl'IIW- Vi it')! if!iiv: k 'PiVi fi'i i'A )ii fi-j fi'icl 
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(II 5il ^ (f?!j iiH, ft ipM ft t0 ^ -1 Od B ), ± K T K ii ^ ^ ^^t ^ ^‘f 

( Grey, \911) ^mmX:t^o ^.1- 

Howard, Angus 2001 ) o ii^7>ft fl'j 

::^^'/if{p|iI 4.1 .ft;H^irti&^it5>ftf5T±PM!tl!^(») |-nTK;f5!-^(«) .-> ift, 

MPEG-7 o 


-.v[//] -► 

FFT 

—A<ih> 

^'/ii^lOdB 

-Aft/...4^ 

#|ic3i ?A(iL 






1 1 

.\fttv.//] 

1 




- 

A^[u-(/]’— 

log( ) 


4.1 3!4l5it5^ft;/ft?i 


4.1.6 

Hz &ft/^P$(rr.ll-off))® 85% ^.f )i5Z fi'j 

skew), fill IX 

^( gPi^5®ft'afts6'J^#)o ftPlP'J^^fiPit 4.4 1111^4.5,^41 .V''[A] 4?iptPtiiPM(I,A %] 

85%6<j?iP$)fM*o 


SR = R 


(4.4) 


R 


I V-' [A ] 

A = 0 


V-1 


0.85 X A" [A ] 

k = 0 


(4.5) 


4.1.7 ^>i0!j-N 

(^_t^^)^)0jntlHj ( attack time) ftc_h Pt'H^|H]( rise time) ^ )iC fiPit 4.6. llift GPA 

pfl l^^]ft.(iffl/E) Mft:A;ipMftH^^lJPJfHS4/Pft3'tl'd)ltll% 2 Vi 

— MDS Wfe4!|HlQlf±^=J{ll)'J(Saldanlia.Cors() 1964; Sclioles 1970; KrimplmlT 1993; 

McAdams 1995; Lakatos 2000)o 


LRT = log( - /„„„,,) 


( 4.6 ) 




LRl log( / ^ I hr,yh Mm ^ 


(4.7) 


|RJ # If. - m lx )jij , j;U. 7 -51 A r - 1 ft A> ft k IPM fi'i I'pj hk k m fi'i Vi , .iill '.■:)- i’'^ A it^- k ^,'4 

ftfl'j 2%( Misdariis, Smith, Pressnit/.er.Susini, McAdams 1998)o .ii PI' //'/Aff P'J A'J McrlLldfiS 
i\'m fxm <!/■ , fUiA £— f|. |,',i XU ^ , x.j I'- ii/j ft; A*,: fii; nj] pij ft- '.j- . ijjij ii>j fi.j pij i |- n- (f- (f. 


o 







4.1.8 

^^W $fl $ii^T^lJ IW]0tiijIS^S.^.'1 fS'^( Backus 1976) o 
te ilpj fjjiJ $51 ^ ^ 4 ~ 8 H z, ■ ii°J rjf'J tiE iffl ^ it ij^ $ij ^ ^ 0"^ If, ^ §P 5)“ $ic flj o ^ M ii 

ifllw^ bP 5)-tj S$Piit^liIM iJ«]$y $5!$, Ifl 4.2 o ^4f Mi^ ^1^iJSJ ipM$M^, $P 9 ~ 40Hz, ^^ 

roughness) giaininess) , 

RMS 

signal 



4.2 AM SIRHIIK Park 2000) 


4.1.9 

Pf |P]fif'( temporal centroid) ,S^-t^tafs 

ftfit'iilflttjBtglJo faifPitJ^t' tP;^ MDS $I f" S^( Lakatos, 


a 




2000).3 Bfl'a]St'^jJCf;BfMfg-^6^i]n$Xt^mi^{tJPji:4.8,Sti rr [n] ^^sAin^,n ^0$|0l 

f'fif^BfMo B^fBjst'tii^ MPEG-7 o 


TC = 


X ."x[n] 

n = \ 


X—« A - I 

/, S 


(4.8) 


4.2 MIR 

mm ^1999 m %. i tt ^ a a it 'M ^ fr a a lo a a m @ 




^#$5!XffJ(S.MP3( MPEG-I 0 1®^ 


( Litdenl)ogerd 1999) o Ail J;^fr^iil 
3 MP3 Ni®ii5cl5aba-$:iL® 

tJ. i£ A r - fl' iPi j IJ tj 'Ji(> Pft! It, l^<l lit tKli; A ^11-: ® ^ ^ A f^fr ^ A (14 ^ ^ in ,t ft A flsl UK! I'd 20 


iHfA 90 mir 4j)jfcJ(Aa®d4ttlJBo^ PpUA 

\k,iltmn f'ill^ hi if] iilF bK If, (ill I'f "r , fiff I It i'], A 11^ U1 M'j, iiTL iiR "A , tt A ill W']. 4? 

_^ • --^ I • • - I ^ f ^ /* f I& Am i m / X- ^ 



AitiiDiiitd.. K-'i' 

ill, A viW- Him A/MOiAapijfiiifiJtjr^l^iaAT Ao 


mm 



' ' fi SAtll 



4.2.1 


lA'fSfrfA (f mryd.yduunndng) -Atiitllff I'l iiPJ'ja A fbdlliiilPiiL^'^^ 


B If'/ I'ld /i idi, fffnu A in a f; njt A A r. lit ^ f'i if- jit ir lil m pit a ti'l a v , ^ii'j ■' i 
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itT'l'l'JPV'i'HJAi!M?)^/7l^MI^WiS(\Tifil 
^1^iTitr#fiil.(©jn-Jiu],n>JM#l^ 

#.Mni!i<] MIR MIDI 

(Kurth 2002;Parclo 2004;Ghias l995)o MIDI t [*! WX ^W^W} AJW 

siT] iS). ^ T # fn fI^J- ifi Vi R h it (+11A t ) "# # n iii & 1'Afc in U o A: n? m tt '^- tit A. 
Ftl t if ffi )$ A # ^ t M JJIJ ifi] ifiw A fR ^ Lli i IC Ji t il (H11 n ? "M;« ) o p # in S Ji-» 


r/ al. 2001) M iTii 

l>tA4/1^nTAtiS(Jang 2005 ) . r^rr'iM^tlM( Man.lt 2004) ( Park 2005) 

JtlTft|i[-:t T^H?i^5iii]y Kunh 2002), 


4.2.2 

l>eal (lelectioii) {'II P^';}'{JI( rliyllmi analysis) 

p{tl .P^{l]p#S( tempo) |5'J M-it R'm fIJ 

T#In# n- li'J MiM.in,% ,im -1 it^I^ p mm i;-6 P<I A m ^. IN {R 6A iln ^ ( WfktM iR A). 

f^, w W'J >{{ii{ I'H] {pie 69 im — P m m . a- m ^ n m c it N' , m n iAi a? i^: iiii a 691 ia r a 1^9 

A J[5 A rr ^ X't A #. P # sy A ‘69 ft 69 '{fl sf |5p ± lli. ^ A A: f'{l( ^ )jij-.it {{' ^ ^ f 'e ft it 1 ■• 11' 

AX{ft6aA^7?AiinlK69TI'|i{MII(MrKin.my 2004)^ it A A A IN t fP ft 11^9^69 A 

|5j,INitSit-tM-ARf(/#tttt69p{i9;p#{nji®{t'»fftAE-t'wNN IlftjNljAikMI- 

il< ^t^69'lt Atiiii: t{ A |II| 69 ^tRA {H ft {II IN rtijtili 5 e 69-66-te'iij A A ^iV ( Panlo 2004). {ijfl]'{ii! 

M{flitiiMftArritfr69IN»ft^}i{t)tV{niftMfttt 2004)..ft-113A'rr{gft f11 

AftA{/|-iil:-AAA{^AitAN'llAMftftjftft9 F.ieler 2004) .IH k i-NflA k-means) 

’/i ji; fp 69 V tl I iW'J 'M ( Takeda 2004 ) , l{{ [<X ft R. IN I"] fi tfl'. IH ill; ft 69 P Ifl -l(i ( Cioyle 
1998) , I4j‘/3{6lfffl2^iil;ft69 p{Trf!l!ijM( Tonssainl 2004) , Pi ft fS^lfErsj ( inlerval-tlillen'iu'e dis¬ 
tance , Coyle, Slimnlevicli 1998 ) {Ill9f ifj ( Orpen 1992 ) ill f J itj {i^'M „ 


4.2. 3 I ^ t ^ it ^ij 


ftAftft69{l'l.1^ftlaVA{J-A:Pi A6tft{^lifJ{iiftft69 l-.ftiAA Ait ftAR'IP'/ft ft A 
AitK it W-{iL{4 A A 6trS A' ft ft tt Hllr 69 V,^ ft o A it ft A; ft ft fPj '.'■ lUJ (I'H H A . 66 ft AI II Nl : t. . 

i)i(. A ft'A. ft. ft , )t?{j-. '{IHi ftift' tl-; in] i/viik ft fti .it, ifii .ft lit 'ft iN l'i9 i,'V A 66 fR € I'lfi DJ .lllifti .ft ft 
ft69^AtftJ tliilAi-'IctlJ'lIRLIlii]ttfiP.o All 1 "f nt A ti 1'"! ■/' K'Xi ill 'tl {II lx; ft ft A ft (o ^. )j|i 

.. I T fe fA iWiI If.^ k\ I lit Itl m I'M ? " it 'ft ti: i '{• ^ i'l'/ iY h‘ .) H i I • A: R L A tit A fN n ft A I'l 9 1 'ft 
'w: Jfiili'E-'JcM'w: JRifliii/fiJik Ili'litlNNitPj. /iAr'-6i:i'r- ^ti'ilYf. A J-.MUii ■ 

^d'i9 f F: ft. RLilf {IIA ft- 69'M lA lili ft '.Ri 11 ft A. . -ft ft iYRL 'ft t) 'ft A 69 f F ft. ft ft »l iitidi -it ft fR 


Afl'Ai'til— 
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TIW "A&^iAiRo A, Jiff Af5^#fe((llj|-UtlAS#nig? 
'f ? S '' I a -T t ii "; > trr ® A n r B ii W W T J L A ± ^ il [11 : 




iilf A {iHAKlH A ( a 'A1-Iaffl^Mft##I/i 4.1 P ) ^ 

3 P mr'/S W 'A n iS A'J #iJ lir^ fe i^'J ± € a ® o 

P ilu 6# a t/L ^ iR !^|J tl SH -13^ a 5> A W A ^, S ± iTn T (top-down) tl fP P T ffii ± 

(hottom-up)H^jtisyo pTfrnA^i^jtisy,tii#'Aftigi2Mtisy(daia- 

ilriveii model) An r?l 4.3o lA^a ( supervised learning) ( un¬ 
supervised learning) AAAA^AJSUqtbiKS'Jo P PU feiH)jlJ A'/AaM k 

vl^a til>A ( Fujinaga 2000 ) , P Of IIIt ^ ^)A ( Marlin, Kim 1998 ) , — X W& ( Jensen, Arnspang 
1999) , StA®lPffi[M|^pl||3Cl)\] A-r.f^i5P^-ft( Park 2004) aAjAAS’lP5}'tJf'/A( Vincent 2004) , 
itPfriSp-tlS-A Kssid 2004) WA At^lPMA/K Marques 1999) „ MIR 

AtfXtA; A GIGO TLA'aiSi'iifeAC garbage-in-garbage-out ) ^l3]^l])A'IAta l^'l4tb®.^A 

mmm. 



fvi^ (Ttiia ) 


4.3 Bottom-up 


4.3 FMS 

t'lpil'.i/r'iJr|il|fpj[c^iA l' MS( feature tnodulalion synthesis) fbjfiif")i!,lijt^LA I I A”1 fAfAlllr4^fl liA-2. 

11 j b- ff bic A a a bJc rp T. it-, fHi IP if/ m j'l; m- a t'l! a f' *' ?a li t-p t f a rp # tit. ip "‘t tM h^ih ia ^ll•• ''"J 'l••'l i'i'j 

7/Afi-iti'lIIIPark 2004; Park e/ al. 2007) „ II 

^Api'irGi]ja#l3(iitJljiii];i7-AA,irpjA®#l^fi-tf-bj;b-tfrtAAP'at^tii’/ii:lj'A^i|)^i-MS ^xtk 

A r^l m J A l-l' A: IliiJ # n fit Au i|A A111 '17 fiF. # i)^l Ili'J tv! Ili'l i'7 111'I'f fit 11'/ U. fit A'i bJ lli. 1^ 

A ]'-t>rr-ApjAl^ni{Al.7!(AI^P71iFi1i;PA /l71i[-:iVi:i.ijl3li:iA '-i A<1111^1 4.4. jPp v A^ii5 

AfitA-?7tfP-,.t'77^^.i1.t:ifi]|P fll,/ij!tj/ay'iaAi;rf^JAlHfi1.iiraitl1l.^ 
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f^ ft is tf ii® f ij, ft in H ^ /j]tff i«i R^i u f^'j t# tiT. mr-'Mo ^b ^'t 

AXo IS 4.4 S^mT.«tIi;fe) I'Jffl T4^S'H-tftf[l!):iIMl^<j5>t/f^?i ft# 

fiF.#^fn#ffif^ft(Park <>/ at. 2007,2008 ) ; A^fiT.iJSlijjlJtlife , ft fllii; 

FMS ftJlA^S^tIi;fe,fttiifeft^^##flF.|p]a r fitftAFJfMfl'J^liF.f^ft r':ftlFi' 

n^ ^ ijsj fifij ft &. m tFiJ o 



s t* o ii il 5> # ft fi'J ft it A' ft ft , ■/& ft P<J 0>J -a ft I'h] P 'J I^i ^, I-g lit. ft ^ ft $51 ^ I'ji ^ ft ft 

fiftt'&It^ftftiitftit^ft'AAffni’tftfHftft^f'fl^fto ifftIv.tgfiSi!. tnW< 

ItftftMia, ftlS 4.5 ift/ft ftAFgP^jft^ft AT 
:i,ftjift:»T LPC #!/i 3.2 ft)ftftftmftpFjft-ftftrr ffnJ'llft 



SI 4.5 
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5. 


r^a A ^'J Yf it fn 6<J f7 p”n AA ^# A iSi ^ ( Kraftwerk) ^M§1A» ( Die Roboler , 1978) flj 

FIR • A I* 1^ ( Laurie Anderson ) ( I®, @ A » ( 0 Superman , 1981 ) , iA il tk • '?A # ^ ( Herbie 

Hancock /M983) flJl^i:^ ( Cher) tSfH» ( fieZ/ew, 1999) , SiAiiA# • 

( Daft Punk) 6A( A — A» ( One More Time , 2000) PJ A ^^ ^ A ( Snoop Dog) 6'^ (('g'^» 

{ Sensual Seduction ,2001) ^o • it 

A( Charles Dodge) fP^ A • SlrSCPaul Lansky)o MtSWi " iS^A 20 ttttE 60 

LPC A7 1972 AA^T#7sfFn°o«ll^iMft»(Speec/i Songs) ^ 

((—■ AA:^f7l!l)BPl^/TM} (A Man Sitting in the Cafeteria) {Speech Songs)f^pp6^ 


“/I man sitting in the cafeteria 
had one enormous ear 
and one tiny one 
Which was /a/ce?” 

■ zmmMr LPC^Ait^fLAi^hiZffl-iiiiatf 

IIP , K-'P M.^ Z (I'J M } (Idle Chatter )^PJfApno 1985 ^ , 1^ 

if^Ynmnik^AJP^i^m^oxind poetry) ^P'/Hi# AYi^m’^i^miM 

f t A Ie fA ^ JI, tl # 1 T a fi£ ii^ A R iff W fe ^ K o I'A ± fi^ p”p M JIA A # 1 S 

(Y]M ^'Jfh A^l« y- r <» ( Omoni,2000) fll« AI ^» ( Ahoji , 2001 ) , iAM t p” ^^ Tiff H 

Um-Jj AAi mWi & M Mo Y±.mw lit mmYY pA p,in^UYVit'Pi\i\^YnA‘fcm,nrj^Y\' 
Jf A A if iMI ill'], lii) A lA M' n W\ ,Wm |5<J i^ W # P t M A # ^ o tf- 

f'l' n m J:, 5 A iA ^ ^ fi^J M &. Af , -^'J Yf # iA f^I tk A fi Td B fN A fH fill ^ M iB -^- a^J ffi , At i^' i I: 
fi-; liA M A fh tl-: ad |m] lid A iA A id >A ft IP K- ^ tt o /L A mi, M Ir ^fi ad Ad -1 f1| 

imAl'lAAill! • lidA Andy Moiirer) ad ( PI'A ad h5c l<:>> ( Lt'on.s- are Growing ,\91S) JkiYmOtP 

A T--^t^ a; A«f('AMadld^#» ( 7yie Digital Domain -. A Demonstration , 1983 ) fid CD ° 

. AirrAAlP^AIAr • MMadf1^mif''/;ili lpc dfzAANadM-,#AliJIIJ i'IlifAii'vu Ahlcli 

A ¥A r> H ad iXM, It ¥i in Aj . if A' In Pd Ai dA= tf- 'I'jAiI-. o /k li^ 'P •'•'J -'"''' I'. "1 fit ^ 'Tr j-ij 
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6'J i^sn W ^ s T H # l5\l M-a* lli i"!'- -* f" -f'j ft ((M M ift a fi'i ^ iS /jic J' 
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t'J f1= S^fiii^L) o M: M & i^iL, if 1^ fl'J f1^ mi f)' ^ fW , ffl fh h ® a J1 'V] S J' 

J _ ^ ^ 15/^, ^ R 35 ii Ifl T ^ ft ^ hie o ft: iff. ift oji ‘ j I A . lii M- ^ ill lie f 114" K m f'J il It 
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